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Foreword 


This pocket atlas is designed to provide a plain and clear compendium of 
the essential facts of human anatomy for the student of medicine. It also 
demonstrates the basic knowledge of the subject for students of related 
disciplines and for the interested layman. For all students preparation for 
their examinations and practice requires repetition of visual experiences. 
Text and illustrations in this book have been deliberately juxtaposed to 
provide visual demonstration of the topics of anatomy. 

The pocket atlas is divided according to organ systems into three vol- 
umes: Volume 1 deals with the locomotor system, Volume 2 with the inter- 
nal organs and Volume 3 with the nervous system and the organs of the 
special senses. The topographic relationships of the peripheral pathways 
of nerves and vessels are considered in Volume 1, insofar as they are 
closely related to the locomotor system; Volume 2 systematically de- 
scribes the distribution of the vessels. The floor of the pelvis (pelvic 
cavity), which has a close functional relationship with the organs of the 
lesser pelvis, and the relevant topography are incorporated in Volume 2. 
The developmental anatomy (embryology) of the teeth is briefly men- 
tioned in Volume 2 because it aids understanding of the eruption of the 
teeth. The common embryological origins of the male and female genital 
organs are also discussed because it helps to explain their structure in 
the adult, as well as their not infrequent variants and malformations. 
Certain problems connected with pregnancy and childbirth are men- 
tioned in the chapter on the female reproductive organs. But these do not 
cover all the knowledge of embryology required by students. The notes 
on physiology and biochemistry are deliberately brief and only serve to 
provide better understanding of structural details. Reference should bé 
made to textbooks of physiology and biochemistry. Finally, it must be 
emphasized that no pocket atlas can replace a major textbook or the 
opportunity to examine macroscopic dissections and microscopic pre- 
parations. 

The reference list mentions textbooks and original papers as a guide to 
the more advanced literature, and it also cites clinical textbooks of rele- 
vance to the study of anatomy. 

Those who require less detailed knowledge of the structure of the human 
body will find clear illustrations, too, of the anatomic bases of the more 
important methods of medical examination. To help the nonmedical . 
reader, everyday English terms for the major organs and their parts have 
been supplied as far as feasible; these terms are also listed in the index. 


Frankfurt/Main, Kiel, Innsbruck 
The Editors 


Preface to Volume 1 


This volume provides a concise outline the topography of the related of 
the musculoskeletal:system and peripheral pathways. It is meant to com- 
plement and not to replace larger textbooks of anatomy. Anatomy is best 
brought to life by visualizing it, so a particularly large number of illustra- 
tions has been included. They have been made from specially prepared 
specimens and, whenever possible, variants have been shown as they 
appeared in original dissection. For greater clarity the illustrations have 
been supplemented by schematic drawings, some of which have been 
taken from other monographs. 

_ The publisher’s artists deserve special thanks because it is only their 
skill that has allowed the author’s intentions to be realized. G. S. Spitzer 
drew the most difficult preparations with sympathy and clarity, L. 
Schnellbacher was responsible for the skilled reproduction of the 
majority of the systematic illustrations, and D. Klittich undertook the leg- 
ends and the production of-some drawings. 

The illustrators were dependent on skilled anatomical dissections for 
which the author wishes particularly to thank Dr. H. Maurer. The format of 
the publication has demanded some reduction in the scale of their en- 
deavors, but for their experience, corrections and many hours of discus- 
sion | am most grateful to my indefatigable assistants, Dozent Dr. S. 
Poisel and Dr. R. Putz. 

| wish to thank Prof. A. Ravelli, Head of the Department of Radiological 
Anatomy of our Institute, for the radiographs which have been used as 
the basis for many illustrations. Similarly, many others not mentioned 
here made great efforts to help this book to success, and | am grateful to 
all of them. /n the first place this book is intended for medical students, 
but it will also provide information on human morphology for the inter- 
ested layman. If there are a few mistakes or omissions | would appreciate 
suggestions and criticism from all my colleagues. 

Particular mention must be made, too, of Dr. h.c. G. Hauff and his assis- 
tants, notably A. Menge, for their understanding and support. The pub- 
lishers afforded all possible aid to further production of the book. 
This volume is dedicated to my wife, whom | must thank for reading the 
proofs of the German edition, and to my daughters Beatrix and Ulrike. 


Innsbruck Werner Platzer 
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General Anatomy 


2 Parts of the Body (A-G) 


The body is divided into the trunk 
(‘truncus’ in the wider sense) and the 
upper and lower extremities. The trunk 
is divided into the head, the neck and 
the torso (‘truncus’ in the narrower 
sense). The torso consists of the thorax, 
abdomen and pelvis. \ 


The upper extremity is joined to the 
trunk by the shoulder girdle and the 
lower extremity by the pelvic girdle. The 
shoulder girdle consists of the clavicles 
(1) and the scapulas (2) which lie on the 
trunk and move on it. The pelvic girdle, 
which consists of the two hip (coxal) 
bones (3) and the sacrum (4), forms an 
integral part of the trunk. 


General Terms 


Principal Axes 


Vertical (longitudinal) axis, long axis (5) of 
the body, is vertical when the body is held 
in an upright posture. 


Transverse (horizontal) axis (6) is perpen- 
dicular to the long axis and runs from left to 
right. 

Sagittal axis (7) runs from the back to the 
front surface of the body in the direction of 
an arrow (sagittal) and is perpendicular to 
the other two axes. 


Principal Planes 


Median plane = the plane through the lon- 
gitudinal axis and the sagittal axis and so is 
also called the median sagittal plane (8). It 
divides the body into two almost equal 
halves or antimeres (planes of symmetry). 
Sagittal plane (9) = paramedian plane; any 
plane which is parallel to the median sagittal 
plane. 


Coronal or frontal plane (10) = any plane 
which contains transverse axes and is 
parallel to the forehead and perpendicular 
to the sagittal planes. 


Transverse planes (11) = these lie perpen- 
dicular to the sagittal planes and to the 
coronal planes. They are horizontal in the 
upright posture. 


Directions in Space 


cranial = toward the head (12) 

superior = upward with the body erect 
(12) 

caudal = toward the buttocks (13) 

inferior = downward with the body 
erect (13) 

medial = toward the middle, toward 
the median plane (14) 

lateral = away from the middle, away 
from the median plane (15) 

medius = in the midline (16) 

median = within the median plane 4 

central = toward the center of the body 
(17) 

peripheral = toward the surface of thebody 

superficial (18) 

anterior = toward the front (19) 

ventral = toward the abdomen (19) 

posterior = toward the back (20) 

dorsal = toward the back (20) 

proximal = toward the point of attach- 
ment of the limbs (21) 

distal =. farther away from the trunk 
(22) 

ulnar = toward the ulna (23) 

radial = toward the radius (24) 

tibial = toward the tibia (25) 

fibular = toward the fibula (26) 

palmar = on or toward the palm of the 

(volar) hand (27) 

plantar = on or toward the sole of the 
foot (28) 


Directions of Movement 


flexion = bending 

extension = Stretching 

abduction = away from the body 
adduction = toward the body 

rotation = pivoting or rotary motion 
circum- = circular movement (acircum- 
duction ferential movement) 
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B Skeleton from the C Principal axes 


side 








D Median 
sagittal plane 


E Transverse and 
paramedian 
(sagittal) planes 


Soo 


G Transverse plane 


4 Cells 


The smallest living entity is the cell. 
There are unicellular organisms, pro- 
tozoa, and multicellular organisms, 
metazoa. Human cells range in size 
from 5 to 200 um. They live for different 
lengths of time. Some cells survive for 
only a few days, e. g., granular leuco- 
cytes of the blood, and others survive 
the whole of the human life span, e.g., 
nerve cells. 


Each cell is surrounded by a plasma 
membrane (plasmalemma) and con- 
sists of cytoplasm (1) and nucleus (2) 
containing nucleoli (3). The nucleus is 
separated from the cytoplasm by the 
nuclear membrane (4). 


Cytoplasm 


Cytoplasm consists of three different 
components: 
1. Hyaloplasm (ground substance). 


2. Metaplasm which forms later in the 
hyaloplasm and consists of the struc- 
tures specific to different types of 
cell, e. g., fibrils, etc. 

3. Paraplasm which includes the or- 
ganelles concerned with cellular 
metabolism. 

Hyaloplasm has a highly differentiated 

ultrastructure. In living cells it appears 

structureless on light microscopy, but 

examination under a microscope of a 

dead fixed cell reveals threads and 

granules which are artefacts produced 
by the action of the fixatives. 


Electron microscopy reveals the plas- 
malemma (5) surrounding the cyto- 
plasm, and the cytoplasm is found to 
contain a more or less dense, three-di- 
mensional network, the endoplasmic 
reticulum (6). This consists of vesicles 
and tubules and may be agranular or 
granular (6). Fine granules, called ribo- 
somes because of their high ribonu- 
cleotide content, lie superficially on the 
double membrane of the granular re- 
ticulum. 


Other intracytoplasmic structures of 
variable size are called cytosomes, e.g., 


lysosomes (7). The ground substance of 
cytoplasm contains a number of struc- 
tures which have a variety of distinct 
functions, the so-called organelles. They 
include centrioles (8), mitochondria (9), 
the Golgi apparatus (10) and kineto- 
somes. 


Centrioles, or central bodies, are usu- 
ally paired granules (diplosomes), 
which are able to divide. They lie near 
the nucleus in the so-called centro- 
plasm, and together with the nucleus 
they form the microcenter. Mitochondria 
(9) are rod-like structures of maximum 
length 5 um, which may rotate or undu- 
late. Their size and number depend on 
the type of cell and its functional condi- 
tion. They consist of proteins, lipids, 
ribonucleotides and enzymes. 


The Golgi apparatus (10) consists of a 
network of fibers and granules and is 
only rarely visible in living cells because 
of its refractility. 


Kinetosomes are seen in the roots of 
cilia, kinocilia. 


The paraplasm consists of cytoplasmic 
inclusions of protein, carbohydrates, 
fats and lipids (11). They may occur as 
granules, droplets or crystals. In part 
they are nutrients and in part storage 
material. Their appearance differs in 
various types of cells. Melanin (12) be- 
longs to the paraplasm. Carbohydrates 
occur as glycogen (13) in many cells, 
particularly in liver cells. 
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A Diagram of a cell as seen by electron 
microscopy (from Faller, A.: 
Der Körper des Menschen, 
5th Ed., Thieme, Stuttgart 1972). 


6 Cells 
Cell Nucleus (A-C) 


The nucleus (1) is essential for the life of 
the cell. Normally cells possess one or 
more nuclei. . 


The nucleus is usually visible in, living 
cells because of its high refractility. It is 
separated from the cytoplasm by the de- 
licate birefringent nuclear membrane 
(2). In fixed cells a network-like structure 
appears in the nucleus; its content of 
nucleic acids in the resting state is cal- 
led chromatin (3). The chromatin car- 
ries genetic material from which the 
chromosomes are formed in the divid- 
ing nucleus. 


The nuclear body (4), the nucleolus, 
consists of proteins and a large amount 
of ribonucleic acid (RNA). The number 
and size of the nucleoli varies a great 
deal between different cells. In the ac- 
tive nucleus, but only in females, a 
specific karyosome, the sex chromatin 
(5), lies adjacent to the nuclear mem- 
brane or the nucleolus. It may be used to 
decide the sex of a cell and hence of an 
individual. The sex chromatin is par- 
ticularly easy to see in white blood cor- 
puscles (granulocytes) where it is 
drumstick-shaped. In order to make the 
diagnosis of ‘female sex’ at least 6 
drumsticks must be seen in 500 
granulocytes. 


Vital Functions of Cells 


Every cell displays metabolic activity 
which can be divided into anabolism 
and catabolism. Anabolism is the ability 
of a cell to assimilate material it has 
taken up and to synthesize building 
materials for the cell. Catabolism com- 
prises the processes required to sustain 
current cell function. The sum of oxida- 
tive processes in the cell is called cell 
respi ration. 

Cells are able to move. They show 
plasma streaming or movement within 
the cell of mitochondria, and ameboid 
movement initiated by pseudopodia, 
which are followed by the cell body. 


Such celis ‘wander’ in the body and are 
called wandering cells. Thirdly, there 
are movements caused by cilia on the 
surface of cells. They consist of motile 
fibrils (kinocilia), and the action of a 
layer of many ciliated cells (— ciliated 
epithelium) produces a ‘cilia current’. 
Cilia arise from kinetosomes which lie 
beneath the surface of the cell. If a cell 
has only one large strong cilium, this is 
known as a flagellum. 

Lastly, cells are able to reproduce them- 
selves by mitosis, meiosis or amitosis. 
Their reproductive ability is variable; for 
example, certain highly specialized 
cells, such as neurons, live for long 
periods and are unable to divide. 
Further details may be found in ‘Human 
Histology, Cytology and Micro- 
anatomy’, by H. Leonhardt, Thieme, 
Stuttgart 1976. 
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A Cell nucleus. Electron micrograph, 
X 6000. 


B Cell nucleus. Electron micrograph, 
X 12000. 








C White blood cell with sex 
chromatin attached to its 
segmented nucleus. 

(Figs. A-C taken from Leonhardt, 
H.: Human Histology, Cytology 
and Microanatomy, Thieme, 
Stuttgart 1976) 
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8 Tissues 


A tissue is a collection of similar, dif- 
ferentiated cells and their derivatives. 
Several tissues may be associated to 
form an organ. 


The manner in which different cells are 
associated determines the different 
types of tissues. 


A common system of classifying tissues 
is based not on the manner of associa- 
tion of cells but on their histological 
structure and physiological functions. 
Epithelial, supportive and muscular 
tissues are described in this volume 
andnervoustissue is discussed in Vol. 3. 


Epithelial Tissue (A-G) 


Epithelial tissue serves several func- 
tions. Firstly, itprovides a cover of pro- 
tective epithelium for the inner and 
outer surfaces of the body and so pre- 
vents bacterial invasion, and it also pre- 
vents desiccation of the body. In addi- 
tion, epithelia such as secretory and 
absorptive epithelia enable various 
substances to be exchanged, i.e., taken 
in from the outside (absorption) or ex- 
creted (secretion). Epithelial tissue is 
able to receive stimuli via the superficial 
epithelium (protective epithelium) in 
which specialized cells may be induced. 
Specialized sensory epithelia are de- 
scribed in detail together with the sense 
organs. 


Depending on the organization of the 
cells, epithelia may be subdivided into 
single-layered (A, B, C), multilayered 
(D) and stratified (F) types. Epithelia 
may also be classified according to the 
shape of their cells into simple squa- 
mous (A), cuboidal (B) and high colum- 
nar (cylindrical) epithelium (C). Strati- 
fied epithelium is a true protective 
epithelium and may be keratinized or 
non-keratinized. 


The outer surface of the skin is com- 
posed of keratinized, stratified, squa- 
mous epithelium, and those inner parts 


of the body which are particularly 
vulnerable, such as the mouth and 
throat, are covered by non-keratinized, 
stratified, squamous epithelium (E). 
The cells of high columnar epithelia 
may have processes, cilia, as in the 
respiratory tract, and are then known as 
ciliated epithelium (F). Transitional epi- 
thelium (G) is aspecial type in which the 
cells can withstand variable degrees of 
tension. Absorptive and _ secretory 
epithelia include glands and goblet 
cells (see Vol. 2), which produce secre- 
tions. 
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B Cuboidal epithelium, | 
A Squamous (pavement) single layered E 
epithelium, single-layered 





C Columnar (cylindrical) D Columnar (cylindrical) 
epithelium, single-layered epithelium, multilayered 





E Squamous epithelium 
(non-keratinized), F Ciliated epithelium, 
stratified multilayered multilayered 





G Transitional epithelium 





10 Connective and Supporting Tissues 


These tissues consist of complex combina- 
tions of cells, including fixed and free cells, 
and intercellular substance. The fixed cells 
are named according to the type of tissue, 
for example, connective tissue cells, carti- 
lage cells, bone cells, etc. The intercellular 
substance in mature supporting tissue con- 
sists of ground substance and differentiated 
fibers. 

Some of the principal types are: 
Connective tissue: embryonic, reticular, 
interstitial and rigid connective tissue and 
fatty (adipose) tissue. 

Cartilage tissue: hyaline, elastic and fibro- 
cartilaginous tissue. 

Bone. 


Connective Tissue (A—B) 


In addition to fixed and free cells, the inter- 
cellular substance contains reticular, colla- 


gen and elastic fibers and ground 
substance. 
Fixed cells: Fibrocytes (many-branched 


cells. Their precursors, the fibroblasts, are 
able to produce intercellular substance and 
fibers), mesenchymal cells, reticulum 
cells, pigment cells and fat cells. 

Free cells: histiocytes (polymorphic cells), 
mast cells (capable of amoeboid motion) 
and less commonly lymphocytes, plasma 
cells, monocytes and granulocytes. 

The intercellular substance contains fibers 
— reticular (lattice) fibers — which resemble 
collagen in their structure (see below). They 
form fiber networks around capillaries, in 
basement membranes, around renal 
tubules and elsewhere. The second group of 
collagen fibers consist of fibrils held to- 
gether by an amorphous cement substance. 
They are found in all kinds of supporting tis- 
sues. They are wavy, almost unstretchable 
and always occur grouped in bundles. This 
type is found particularly in tendons, the 
tympanic membrane, etc. Finally, there are 
the (yellowish) elastic fibers, which are also 
arranged in networks. They occur in arteries 
near the heart, certain ligaments (ligamenta 
flava, see p. 56) and elsewhere. The inter- 
cellular substance also includes the ground 
substance, which is partly produced by the 
tissue cells. It is involved in the exchange of 
materials between tissue cells and the 
blood. 


Embryonic connective tissue: the most im- 
portant type is mesenchyme. 

Reticular connective tissue (A) contains 
reticulum cells which are able to phago- 
cytize and store material. They have a re- 
markably active metabolism. This type of 
connective tissue can be divided into 
lymphoreticular (in lymph nodes, etc.) and 
myeloreticular (bone marrow) connective 
tissue. 

Interstitial connective tissue is a loose 
tissue with no particular structure. Its main 
purpose is to fill gaps between individual 
structures (muscles, etc.) and it also forms a 
displacement layer. In addition to these 
functions, interstitial connective tissue 
takes part in general metabolism and 
regeneration. As well as cells it contains 
collagen, elastic and lattice fibers and 
ground substance. 

Rigid connective tissue (B) contains a high 
proportion of collagen fibers and fewer cells 
and less ground substance than interstitial 
connective tissue. It is found in the palmar 
and plantar aponeuroses, in tendons, etc. 
Fatty tissue contains large cells with a 
flattened nucleus lying at the cell margin. 
Monovacuolar white fatty (adipose) tissue 
should be distinguished from p/urivacuolar 
brown fat. The latter is more common in in- 
fants than in adults, e. g., in the fatty capsule 
around the kidney. In addition to fat cells, it 
contains interstitial connective tissue and 
shows some lobular structure. There is 
storage fatty tissue, which is dependent on 
the nutritional state, and structural fatty 
tissue, which is independent of nutrition. 
The latter occurs in joints, bone marrow, the 
fat pads in the cheeks, etc. The storage type 
is most common in the subcutaneous fat 
layer. It is broken down according to re- 
quirements and the cells take on the form of 
reticular cells. After very marked weight loss 
(cachexia), their cytoplasm fills up with 
fluidserous fat cells. ‘ 
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A Reticular connective tissue. 
Approximately X 300. 





B Dense connective tissue in the 


corium. Approximately X 300. 


(Figs. A and B taken from Leon- 


hardt, H.: Human Histology, Cytol- 


ogy and Microanatomy, Thieme, 


Stuttgart 1976 


) 


12 Connective and Supporting Tissues 


Cartilage (A-C) 


Cartilage is compressible as well as 
flexible,yetresistantto pressure and to 
bending, and soft enough to be cut. It 
consists of cells and intercellular sub- 
stance, which is almost free of vessels 
and nerves. The nature ofthe intercellu- 
lar substance determines the type of 
cartilage, which can be subdivided into 
hyaline, elastic and fibrous forms. 


Cartilage cells, chondrocytes, are rich 
in water, glycogen and fat. They are ves- 
icular in appearance, are rounded and 
have a round nucleus. The intercellular 
substance, which contains a high pro- 
portion of water (up to 70%), forms the 
basis of the supportive property of car- 
tilage. 


Hyaline Cartilage (A) 


Hyaline cartilage is slightly blue and 
Opaque in appearance. The intercellular 
substance contains many collagen fi- 
brils and isolated elastic networks. The 
cells, which lie in spaces in the carti- 
lage, are surrounded by a capsule and 
are separated from the intercellular 
substance by the so-called cel/ halo. 
These cells may be aligned in rows or 
columns (see p. 16) and together with 
the cell halo form achondrone, each of 
which consists of the daughter cells 
produced by division of asingle cell. Ex- 
ternally cartilage is covered by a thin 
layer — the perichondrium, which is al- 
most in continuity with the cartilage. 


The avascularity or poor vascularization 
of cartilage results in conditions suit- 
able for the occurrence of degenerative 
processes. In addition, particularly in 
hyaline cartilage, calcium deposition 
occurs very early in life. 


Hyaline cartilage is found in joint car- 
tilage, rib cartilage, respiratory tract 
cartilage, in epiphysial disks and in the 
precursors of those parts of the skele- 
ton that undergo chondral ossification. 


Epiphysial disk cartilage contains 
columns or rows of cartilage cells, a 
structure which enables growth of car- 
tilage (p. 16) and subsequently of the 
bone that follows it. 


Elastic Cartilage (B) 


In contrast to the bluish hyaline carti- 
lage, elastic cartilage is yellowish in 
color. Its intercellular substance is rich 
in elastic fibers and contains fewer 
collagen fibrils. The large proportion of 
elastic fibers makes this type of car- 
tilage particularly pliable and elastic. It 
does not contain calcified deposits. It 
is found in the auricle, the epiglottis, 
etc. 


Fibrous Cartilage (C) 


Fibrous cartilage, also known as con- 
nective tissue cartilage, contains fewer 
cells than the other types, but has many 
bundles of collagen fibers. It is found 
particularly in parts of the intervertebral 
disks (p. 54) and of the symphysis pubis 
(p. 22). 
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A Hyaline cartilage (rib cartilage). 
Approximately X 150. 


B Elastic cartilage (ear cartilage). 
Approximately X 150. 





C Fibrocartilage (intervertebral 
disk). Approximately X 150. 
(Figs. A—C taken from Leonhardt, 
H.: Human Histology, Cytology 
and Microanatomy, Thieme, Uy hy if 
Stuttgart 1976) MYL i, Y Nf, 
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14 
Bone (A-C) 


Osseous tissue consists of bone cells, 
osteocytes, interstitial substance, col- 
lagen fibrils, a cement substance and 
certain mineral salts. The interstitial 
substance and collagenous fibrils.form 
the intercellular substance, osteoid. 
The fibrils belong to the organic part 
and the salts to the inorganic compo- 
nent of bone. The most important salts 
are calcium phosphate, calcium carbo- 
nate and magnesium phosphate. In ad- 
dition there are compounds of calcium, 
potassium and sodium with chlorine 
and fluorine. 


The salts determine the hardness and stabil- 
ity of bone. Therefore, ‘decalcified bone’ 
becomes pliable. A too low calcium content 
may result from lack of vitamins or hormonal 
disturbances. Vitamin deficiency may .be 
due, for instance, to absence of UV irradia- 
tion on the body, with consequent failure to 
convert pro-vitamins to vitamin D. Inade- 
quate calcification leads to softening of 
bone, e.g.,in rickets. 


The stability of bone is determined not 
only by its organic but also by its inor- 
ganic components. If there is inade- 
quate organic material, the elasticity of 
the bone is lost. Bones then cannot re- 
sist stress and become brittle. The or- 
ganic constituents may be destroyed ar- 
tificially by incineration. 


On the basis of the fiber arrangement, it 
is possible to distinguish two types of 
bone: woven-fibered and lamellar 
bone. Woven-fibered bone resembles in 
its structure ossified connective tissue 
and in man is usually found only during 
development. In the adult it occurs in 
the capsule of the labyrinth and near the 
cranial sutures. 


The more common and more impor- 
tant» lamellar bone (A-B) shows 
marked stratification due to its layers of 
interstitial substance called lamellae 
(1). These lamellae alternate with layers 
of bone cells (2). The lamellar arrange- 


Connective and Supporting Tissues 


ment takes place around the vascular 
canals (3). A vascular canal together 
with its lamellae is called an osteon or 
haversian system (A). Between the os- 
teons are intermediate lamellae (4) con- 
sisting of former osteons. The vascular 
canals of the osteons communicate by 
smaller oblique canals, Volkmann's 
canals (5). The structure and arrange- 
ment of osteons depends upon the 
stresses on the bones and changes in 
stress result in a reconstruction of the 
osteons. Remodelling of osteons is also 
macroscopically observable. Particu- 
lar notice should be taken, for example, 
of the trajectories within the femur 
since they are formed in response to 
the stresses exerted on it. 

Bone receives its nutrients from the 
periosteum and the bone marrow via the 
nutrient foramina. 


Periosteum 


Bone is covered by periosteum, which 
consists of an external fibrous and deep 
cambium layer. The latter contains 
numerous cells and vessels. Osteo- 
blasts which regress at the end of de- 
velopment but can reappear any time 
during healing, for example after a frac- 
ture, are formed from the cambium 
layer. The periosteum contains many 
blood and lymph vessels and nerves 
(see also p. 20). 
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A Haversian system. Approxi- 
mately X 400. In the center a 
haversian vessel with peri- 
vascular connective tissue. 


B 

Cross section through the com- 
pact part of the diaphysis of a 
growing cancellous bone. Approx- 
imately X 50. Woven bone is 
being replaced by lamellar bone. 
(Figs. A and B are taken from 
Leonhardt, H.: Human Histology, 
Cytology and Microanatomy, 
Thieme, Stuttgart 1976) 





16 Development ‘of Bone (A-C) 


Bone formation is due to the osteo- 
blasts (1) which are specialized mesen- 
chymal cells. Osteoblasts secrete an in- 
tercellular substance, the osteoid, 
which consists initially of soft ground 
substance and collagen fibers. Osteo- 
blasts develop into osteocytes, the de- 
finitive bone cells. At the same time 
multinucleated osteoclasts (2) develop, 
cells connected with resorbing and re- 
modelling bone. 


We distinguish direct or intermembran- 
ous ossification (A) from indirect or 
chondral ossification (substitution os- 
sification) (B, C). 


Intermembranous ossification (A) is 
the development of bone from connec- 
tive tissue. The latter contains many 
mesenchymal cells which develop 
via osteoblasts (1) into osteocytes. 
At the same time osteoclasts develop 
and collagen fibers also appear. The 
original bone is fibrous and it is subse- 
quently remodelled into lamellar bone. 
The skull cap, the facial bones and the 
clavicles develop as membranous 
bones. 


Preformed cartilaginous skeletal parts 
are necessary for chondral ossification 
(B, C) when they become replaced by 
bone. Growth is possible only as long as 
cartilage still remains. The prerequi- 
sites for replacement bone formation 
are chondroclasts, differentiated con- 
nective tissue cells, which remove car- 
tillage and enable the osteoblasts to 
form bone. Two types of replacement 
bone formation are recognized — en- 
dochondral (C) and perichondral. 


Endochondral ossification (3) begins with- 
in cartilage, and occurs near the epiphyses. 
Perichondral ossification (4), which orig- 
inates in the perichondrium (5), is con- 
fined to the diaphysis. The epiphysial disk 
(growth plate) (6), which is necessary for 
growth in length, forms a layer between the 
epiphysis and the diaphysis. Within the epi- 
physial cartilage, the processes of ossifica- 
tion occur in separate zones. First, in the 
epiphysis is the zone of the capping, hyaline 


cartilaginous material which has not been 
influenced by bone formation. Next to this 
area of ‘resting cartilage’ is the zone of 
cartilage cell columns (7), the growth zone. 
Here cartilage cells divide and so increase 
in number. The next layer, which lies nearer 
to the shaft, is the zone of large vesicular 
cartilage cells (8), in which calcification is 
occurring. This is contiguous with the zone 
of cartilage destruction, where cartilage is 
broken down by chondroclasts and re- 
placed by bone-forming osteoblasts. A 
cartilage remnant persists, which enables 
endochondral bone (9) and perichondral 
bone to be distinguished in the diaphysis. 
It is secondarily replaced by perichondral 
bone. Endochondral bone is destroyed by 
the immigrant osteoclasts. Increase in 
thickness in the region of the diaphysis is 
brought about by deposition of new bony 
material on the outer surface beneath the 
cambium layer of the periosteum. The bone 
marrow cavity (10) becomes larger as a re- 
sult of bone destruction. All growth pro- 
cesses are regulated by hormones. 

The bony anlagen in the epiphyses first 
appear after birth, except for those in the 
distal femoral epiphysis and the proximal 
tibial epiphysis. In both of these epiphyses, 
and in the cuboid bone, osteogenesis be- 
gins just before birth in the tenth intrau- 
terine month (a sign of maturity). 


Practical Point 


Clinically, in addition to the epiphysis and 
the diaphysis, a ‘metaphysis’ is distin- 
guished, which denotes that part of the 
diaphysis which lies adjacent to the epiphy- 
sial disk. 
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B 
Chondral ossification of a long bone (dia- 
gram). Endochondral ossification in the 
epiphyses and perichondral ossification in 


the diaphysis. 


C Ossification in the region of the epi- 
physial disk cartilage. 


18 Muscle (A-D) 


Muscular tissue is characterized by the 
presence of myofibrils in its elongated 
cells. These myofibrils are responsible 
for the contractility of.the muscle cells. 
Three types of muscular tissue can be 
distinguished on the basis of fine struc- 
ture and physiological characteristics: 
smooth (A), striated (B, D) and cardiac 
muscle (C). 


Smooth Muscle (A) 


Smooth muscle consists of spindle- 
shaped cells 40—200um long and 
4-20 um thick, with a central nucleus. 
The myofibrils are difficult to demon- 
strate and do not have transverse stria- 
tions. Transverse reticular fibers join 
adjacent muscle cells and bind groups 
into functional units. Smooth muscle is 
not under voluntary control. Synaptic 
association with axons occurs through 
the plasmalemma (see Vol. 3). 


Hormonal influences may cause smooth 
muscle to increase in length and to prolifer- 
ate, i.e., there may be not only an increase in 
the size of the cells, but cells may also be 
newly formed. An example is the uterus, 
the muscle fibers of which may reach a 
length of 800 um. 


Striated Muscle (B) 


Striated muscle consists of muscle cells 
(muscle fibers) which may be 
10-100 um thick and up to 15 cm long. 
The nuclei lie immediately beneath the 
surface of the cells in the direction of 
the long axis of the muscle fibers. The 
myofibrils are easily visible and are re- 
sponsible for the longitudinal striations. 
The transverse striations are due to the 
periodic alternation of smaller, lighter, 
singly refractile (isotropic) ‘Il’ bands 
and wider, darker, birefringent, aniso- 
tropic ‘A (Q)’ bands. The A bands con- 
tain a middle disk (M) and the ‘I’ bands 
show a delicate, anisotropic inter- 
mediate striation (Z). The myofibrillar 
section which lies between two Z bands 
is called a sarcomere. 


Each skeletal muscle cell contains sev- 
eral nuclei. The strength of each muscle 
fiber is related to its function. The sar- 
coplasm contains a variable number of 
mitochondria (sarcosomes). 


The color of a muscle is due to its blood sup- 
ply and the myoglobin in solution in the sar- 
coplasm. In addition, the color is determined 
also by the water content and the abundance 
of fibrils. This explains why different mus- 
cles differ in color. Thinner fibers with less 
fibrils and water content are light in color, 
while thicker fibers appear darker. 


The sarcolemma invests individual muscle 
fibers as aconnective tissue sheath. There is 
a delicate layer of connective tissue, the en- 
domysium, between the fibers. Several 
muscle fibers are surrounded by the internal 
perimysium and together they form the 
primary bundle. 


The external perimysium is a connective tis- 
sue layer which combines several primary 
bundles to form a muscle fascicule. 


Striated skeletal muscles are voluntary mus- 
cles and are innervated via motor end-plates 
or myoneural junctions (see Vol. 3). 


Striated Cardiac Muscle (C) 


The: muscle fibers, which contain a 
large amount of sarcoplasm, form net- 
works. Transverse striations are pres- 
ent, but the sarcomeres are short. The 
‘l’ band is narrower than in skeletal 
muscle. 


In cardiac muscle fibers the nuclei lie 
centrally. Sarcosomes are far more 
numerous than in skeletal muscle. 


In addition, cardiac muscle tissue con- 
tains highly refractile, transverse inter- 
calated disks, which lie at the position 
of aZ band. Further details are given in 
Vol. 2, page 14. 
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Longitudinal section of smooth muscle 
(A), striated muscle (B) and cardiac 
muscle (C). Approximately X 400. 


Sarcomere 


D Diagram of striations in uncontracted 
muscle. 





(Figs. A-D taken from Leonhardt, H.: 


> Ba Ra EN De Human Histology, Cytology and 
; Microanatomy, Stuttgart 1976) 
Myofibrils 


20 General Features of the Skeleton (A-F) 


The bones form the bony skeleton, and 
with the joints, they represent the pas- 
sive locomotor system which is control- 
led by the active locomotor apparatus, 
the musculature. The different shapes 
of bones are dependent on theif func- 
tion and their position in the body. Mac- 
roscopically two differently constructed 
portions can be distinguished. A rather 
dense compact or cortical bone is gen- 
erally observed on the surface. Within 
the short and flat bones and in the 
epiphyses of the long bones, there is a 
sponge-like meshwork formed of indi- 
vidual bony trabeculae, cancellous or 
spongy bone, ‘substantia spongiosa’. 
Between the meshes is the bone mar- 
row or medulla. In the flat bones of the 
skull, the compact material is called the 
external and internal laminae and, in 
between them, is the diploe, corre- 
sponding to the spongy bone. 


Long Bones (A-C) 


A long bone as, for instance, the 
humerus (A), consists of a body andtwo 
ends. In the center of the shaft (body) of 
a long bone (B, C) is the bone marrow 
or medullary cavity (1), which contains 
red or yellow bone marrow. This cavity 
is the reason for the name ’tubular 
bones‘. Tubular bones grow mainly in 
one direction. 


Flat Bones (D) 


Flat bones consist of two layers of com- 
pact bone (2) between which there may 
be found spongy material (3). Flat bones 
include the scapula and several bones 
of the skull, e.g., the parietal bone (D). 
Basically, growth in flat bones proceeds 
in two directions. 


Short Bones (E) 


Thé short bones, which include, for in- 
stance, the small bones of the wrist 
(e.g., the capitate bone [E]), have a 
spongy core surrounded by compact 
bone. Their growth may proceed in all 
three directions. 


Pneumatic Bones (F) 


These bones contain air-filled cavities 
lined by mucous membrane. They are 
found in the skull (ethmoid, sphenoid, 
maxilla [F], etc.). 


Each bone is covered by periosteum 
and, if there is a bone marrow cavity, 
this is lined by the endosteum. Normally 
the periosteum and endosteum are 
richly innervated, and these nerves are 
responsible for the pain which follows a 
blow ona bone. Bone receives its blood 
supply through nutrient foramina, 
through which nerves can also enter. 
Some bones have canals which also 
serve for the passage of vessels, usually 
only veins; in these cases they are called 
emissaries. They are found, for ex- 
ample, in the vault of the skull. 
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22 Joints Between Bones 


The individual bones of the skeleton are 
connected either continuously or dis- 
continuously. Continuous bony joints 
comprise the large group of synar- 
throses, in which two bones are joined 
directly by various tissues. ; 


Continuous Joints Between 
Bones 


Syndesmosis (A-—E), Fibrous Joint 


In a syndesmosis two bones are joined 


by collagenous or elastic connective — 


tissue. The union may be expansive or 
narrow. The interosseous membrane 
(A) in the forearm is a very taut syndes- 
mosis consisting of collagenous 
connective tissue. More elastic syndes- 
moses are the ligamenta flava between 
the vertebral arches. 


The sutures of the skull are a particular 
type of syndesmosis (B, C, D, E). These 
sutures retain connective tissue, which 
has persisted between the bones de- 
veloping from connective tissue. Only 
when the connective tissue has com- 
pletely disappeared, does the growth 
of the skull cease, and the sutures fuse. 
The sutures of the skull are classified 
according to their shape: sutura serrata 
(B) with saw-like edges, as in the sagit- 
tal suture; sutura squamosa (C, D), 
where one bone overlaps another as 
between the temporal and _ parietal 
bones; and lastly, sutura laevis or plana 
(E), where continuous rough surfaces 
meet as between the nasal bones. 


A specialized type of syndesmosis is the 
gomphosis, a peg-and-socket joint found 
in the fixation of the teeth in the alveoli of the 
jaw. Here the teeth are joined to thé jaw by 
connective tissue, which allows a slight 
degree of displacement. 


Synchondrosis (F, G), Cartilaginous 
Joint 


The second large group of continuous 
bony joints are the synchondroses (F, 
2), which are joints between bones 


composed of hyaline or fibrous carti- 
lage. During adolescence, hyaline carti- 
lage is always present in the epiphysial 
disks. Hyaline cartilage is also present 
between the first rib and the sternum, 
while connective tissue with fibrous 
cartilage is found, for example, in the 
symphysis (G). The cartilaginous mate- 
rial disappears from those sites where it 
fulfills only a growth function. Epiphy- 
sial disks of cartilage subsequently are 
replaced by bony material. 


Synostosis (H) 


This is the firmest type of joint between 
bony parts, e.g., in the hip bone and at 
the epiphyses and diaphyses after 
growth has ceased. 


Practical Points 


Synovial joints may sometimes become 
synostotic. However, they are then not 
called synostoses, but ankyloses (stif- 
fened joint). An ankylosis presupposes 
that the joint was previously movable, 
and it is usually altered as the result ofa 
disease process. Physiological an- 
kylosis is regarded as the fusion of the 
articular processes of the sacral verte- 
brae. 
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Discontinuous Joints Between 
Bones (A-D) 


These joints, diarthroses or synovial 
joints, consist of articular surfaces (1), 
anarticular capsule (2), ajoint cavity (3) 
between the articular surfaces, and ac- 
cording to need some additional fea- 
tures (strengthening ligaments, interca- 
lated disks, articular lips [labra] and 
bursae). 


In a joint with two articular surfaces or 
bodies, that articular body which is 
moved is the moveable segment; the 
one at comparative rest, the stationary 
or fixed segment. 

To assess the degree of mobility of a 
joint, it is necessary to determine the 
angle of excursion, i.e. the angle be- 
tween its initial and final positions. 
The larger the number of axes (see 
p. 28) the more difficult it is to deter- 
mine the angle of excursion. The angle 
of excursion of a joint may be reduced 
by various factors. They include, in ad- 
dition to the tension of the articular 
capsule, additional ligaments which re- 
strict movement (ligamentous limita- 
tion, see p. 26), bony processes (bony 
limitation) and limiting surrounding soft 
tissues (soft tissue limitation). 


The mid-position (neutral) of a joint is 
that position between the initial and 
final position in which all parts of the 
joint capsule are under equal tension. 
Disease processes within the joint 
cavity (e.g., effusion) automatically 
force the joint into its mid-position. 


Articular Surfaces or Bodies 


A joint possesses at leat two articular 
surfaces. They are usually invested with 
or covered by hyaline cartilage (4) but 
occasionally by fibrous cartilage or 
connective tissue interspersed with 
fibrocartilage. The cartilage is tightly 
interlocked with the bone and its super- 
ficial surface is smooth and shiny. The 
thickness of the cartilage layer varies 
from 0.2-0.5 mm; but the patella has 


some very thick areas, up to 6 mm. The 
cartillage is nourished via the synovial 
fluid, as well as by diffusion from the 
capillaries in the synovial membrane. 


Joint Capsule 


The joint capsule may be taut or loose 
and is attached to the bones near the 
cartilage-covered surfaces. It consists 
of two layers, the inner synovial mem- 
brane (5) and an outer fibrous mem- 
brane (6). The synovial membrane con- 
tains elastic fibers, blood vessels and 
nerves. The amount of blood supply is 
directly related to the degree of activity 
so that very active joints are more richly 
vascularized than the less active ones. 
The synovial membrane possesses 
inward-facing processes containing 
fat, the plicae articulares (7), as well as 
synovial folds, synovial villi. 


The fibrous membrane is of variable 
thickness and contains a large quantity 
of collagen fibers and very few elastic 
ones. 


Irregularities in the thickness of the 
fibrous membrane may result in weak 
spots through which the synovial mem- 
brane may protrude; these cyst-like 
protrusions are called ganglia by the 
surgeon. 
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Discontinuous Joints Between 
Bones 
(Continued A-D) 


Joint Cavity (1) 


A joint cavity is a cleft-like capillary 
space which contains synovial fluid. 
This is a clear, viscous, mucin-contain- 
ing fluid resembling albumin. The fluid 
acts as a lubricant and aids nutrition of 
the articular cartilage. Its viscosity, 
which is determined by its content of 
hyaluronic acid is temperature depen- 
dent — the lower the temperature, the 
higher the viscosity of thesynovial fluid. 
Since synovial fluid may also be re- 
garded as a dialysate of blood plasma, 
its constitution, i.e., its chemical and 
physical features, can be of diagnostic 
value in a variety of diseases. 


Additional Features 


Ligaments (2). Ligaments are designated 
by their function as reinforcing liga- 
ments (for the joint capsule), guiding li- 
gaments (in movements) or restrictive 
ligaments (to restrict movements). Ac- 
cording to their position we speak of in- 
tracapsular and extracapsular liga- 
ments. 


Articular disks or menisci articulares (3) 
consist of collagenous connective tis- 
sue containing fibrocartilage. They are 
usually in close connection with the 
joint capsule. A disk divides the joint 
cavity completely, but a meniscus only 
partly. They affect the direction of 
movement, ensure good contact be- 
tween the moving parts and may, under 
certain circumstances, produce two 
completely independent joint spaces 
as for instance in the mandibular and 
sternoclavicular joints. Regeneration of 
disks after injury or removal is possible. 


Articular lips (4). Labra articularia con- 
sist of collagenous connective tissue 
with scattered cartilage cells and serve 
to enlarge the joint surface. 


Bursae and synovial pockets may commu- 
nicate with the joint cavity (5). They form 
large or small, thin-walled sacs lined by 
synovial membrane, which represent a 
weak point in a joint, but which produce 
an enlargement of the joint space. 


There are various forces that act on the two 
articular surfaces and maintain contact be- 
tween them. Firstly, there are themusclesthat 
span the joint and guarantee a certain de- 
gree of contact between the articular sur- 
faces. Next,there may be accessory capsular 
ligaments to increase the degree of contact. 
In addition, there is a certain degree of sur- 
face adhesion, and, as the most important 
factor, atmospheric pressure. Atmospheric 
pressure holds the articular surfaces to- 
gether with a force equal to the product of 
the area of the smaller joint surface and the 
air pressure. 


Practical Points 


Joints are subject to age alterations; the 
avascular articular cartilage loses its 
elasticity. 


Surfaces covered by cartilage undergo 
age alterations (6) and may degenerate 
Outgrowths from the cartilage margins 
may occur, which are sometimes in- 
vaded by bone-forming cells. In such 
instances the cartilage becomes ossi- 
fied and restricts joint mobility. Such 
processes may affect small joints as 
well as large ones, and they may occur 
in young people if the joints in question 
are overstressed. 


f 
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Types of Synovial Joints (A—F) 


Joints may be classified from various 
points of view. One classification is re- 
lated to the axes and subdivides joints 
into monaxial, biaxial and multiaxial ar- 
ticulations. A second classification di- 
vides the joints according to their de- 
grees of freedom which indicate the mo- 
bility of articular surfaces against each 
other. Joints are therefore divided into 
those with one, two or three degrees of 
freedom. Another classification makes 
use of the number of articular surfaces and 
so separates simple from compound 
joints. A simple joint consists of only 
two surfaces lying in one capsule. If 
more than two surfaces are present in 
the articular capsule, the joint is calleda 
compound joint (e. g., elbow joint B]). 


Different types of joints may be com- 
bined. Joints combined of necessity are 
found at different points on two bones 
(e.g., proximal and distal radioulnar 
joints). Forcibly combined joints are 
activated by one or more muscles that 
span several joints, e.g., hand and 
finger joints by the flexors of the fingers 
(see p. 78). 


Furthermore, joints may be classified 
according to the shape of the articular sur- 
faces: 


A plane joint, a joint with two flat surfaces 
possesses two degrees of freedom, and glid- 
ing movements are possible (e.g., the small 
vertebral joints). 


A hinge joint or ginglymus (A) consists of a 
convex and a concave articular surface. The 
concave articular surface often has a 
ledge-shaped elevation which fits into a 
groove of the convex one. Tense lateral li- 
gaments (1) help to fix the joint more firmly. 
Hinge joints have one degree of freedom 
(e.g., the humeroulnar articulation, [B]). 


A pivot or trochoid joint includes peg and 
rotary joints. Both have one axis and one de- 
gree of freedom, and both have one convex 
cylindrical surface and a corresponding 
concave joint surface. The joint axis runs 
through the cylindrical surface which is en- 
larged by ligaments (annular ligament [2], 


e. g., the proximal radioulnar joint [B]). Ina 
rotary joint the concave articular surface ro- 
tates around the convex (e. g., the distal 
radioulnar joint). 


Ellipsoidal joints have a convex and a con- 
cave elliptical joint surface. They have two 
degrees of freedom and are multiaxial, with 
two principal axes. When the movements are 
combined, a circumduction is possible, e.g., 
the radiocarpal joint. 


A saddle or sellar joint (C) consits of two 
saddle-shaped articular surfaces each hav- 
ing aconvex and aconcave curvature. It has 
two degrees of freedom and two main axes, 
but is in fact multiaxial. Circumduction is 
possibile (e. g., the carpometacarpal joint 
of the thumb [D)). 


Ball-and-socket or spheroidal joints (E) are 
multiaxial and consist of a globular bony 
head within a cup or socket. There are three 
degrees.of freedom and three principal axes 
(e. g., shoulder joint [F]). A special type of 
ball-and-socket joint is the enarthrosis in 
which the socket extends beyond the equa- 
tor of the head. The hip joint is usually an 
enarthrosis which, however, has an en- 
larged cavity due to the articular labrum. 


A special type of joints is the fixed joint or 
amphiarthrosis. This has very limited 
mobility since both the ligaments and the 
capsule are taut and the articular surfaces 
are rough, e. g., the sacroiliac joint. 
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30 General Myology (A-F) 


In all skeletal muscles we distinguish an 
origin and aninsertion. The origin is al- 
ways on the less mobile bone and the 
insertion on the more mobile bone. In 
the limb, the origin is always proximal 
and the insertion distal. At the point of 
insertion there is often a muscle head, 
which merges into the belly (1) and 
ends in a tendon (2). Muscle power is 
dependent on the physiological cross 
section, which is the sum of the cross 
sections of all the fibers. From this the 
absolute muscular strength is cal- 
culated. 


The arrangement of the muscle belly de- 
pends on the available space. For its effect 
the final active positions is important. The 
tendon of a muscle may, for example, be 
bent around a portion of the skeleton as a 
fulcrum (hypomochlion). A long tendon 
may prove advantageous if there is a short- 
age of space. The best example of this are 
the long finger muscles, whose muscle 
bellies are situated in the forearm but where 
the effect shows only in the fingers. 


According to the relationship between the 
muscle fibers and the tendons, we distin- 
guish various muscle types: Fusiform mus- 
cles (A) have long fibers and produce exten- 
sive but not forceful movements. Fusiform 
muscles have relatively short tendons. 
Another type is the unipennate muscle (B), 
which has along tendon through the muscle 
to which the short muscle fibers are at- 
tached. This ensures a relatively large 
physiological cross section and conse- 
quently more muscle power. A bipennate 
muscle (C) has the same structure as a uni- 
pennate muscle, but the fibers are attached 
to both sides of the tendon. 


Furthermore, there are several forms of 
muscle origin, for example two-, three- and 
four-headed muscles, in which the individ- 
ual heads fuse into a single muscle belly 
and terminate in a common tendon. Ex- 
amples of this muscle type include the bi- 
ceps (D) and the triceps brachii. 


If a muscle has only one head but one or 
more intermediate tendons (3), we speak of 
a two or more bellied muscle (E). One such 
muscle with two bellies (digastric muscle) 
has two successive, almost identical large 


muscle segments. A flat muscle (F) with a 
flat tendon or aponeurosis (4) is also distin- 
guished. 


Muscles may extend over one or more joints 
and are then called uniarticular, biarticular 
or multiarticular muscles. They may pro- 
duce different and in some cases even 
opposing movements at the various joints. 
Examples are the interossei muscles of the 
hand, which flex at the proximal joint but 
extend at the middle and terminal joints of 
the fingers. 


The muscles which work together to pro- 
duce one movement are called synergists, 
and those that produce opposing move- 
ments are called antagonists. The combina- 
tion of synergists and antagonists can vary 
in different movements. In flexion of the 
wrist for instance, several muscles are 
synergists, which in radial abduction be- 
come antagonists. 


It is essential for their function that muscles 
have atone, even at rest. Ina muscle we find 
either active or passive insufficiency. |In ac- 
tive insufficiency, a muscle becomes ex- 
hausted when it has attained its maximal 
shortening. In passive insufficiency, from 
another position the end point is reached 
prematurely, for example, in the impossibil- 
ity of forming a fist when the hand is flexed. 


In muscle action we distinguish an active 
moving and a passive halting function. 
Thus, a muscle may function passively to 
halt and actively to produce movement. 
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32 General Myology 


Auxiliary Features of Muscles 
(A—C) 


A number of auxiliary structures are es- 
sential for muscle function. They in- 
clude: a) connective tissue coverings, 
fascias, which surround individual 
muscles or muscle groups and allow 
them to move one against the other. b) 
tendon synovial sheaths (A), which in- 
crease the gliding capacity of tendons. 
These sheaths consist of an inner vis- 
ceral layer (1), which lies in immediate 
contact with the tendon, and (2) is con- 
nected via the mesotendon (3) to the 
parietal layer (2). The synovial fluid, 
which is present between the visceral 
and parietal layers, acts as a lubricant 
to enhance the movement of the ten- 
don. The outside of the vaginal sheath 
is covered by a fibrous tissue (4). c) 
Synovial bursae (B, [5]) protect a 
muscle where it lies directly against 
bone. d) Sesamoid cartilages or bones 
(C) are found where tendons are sub- 
jected to pressure. e) Fatty tissue, cor- 
pora adiposa, lie between individual 
muscles and may reduce friction. Such 
fatty bodies (e. g., the axillary fatty body) 
are found in variable numbers through- 
out the body. 


Investigation of Muscle Func- 
tion 


Muscle function can be judged in a vari- 
ety of ways. The simplest are palpation 
and inspection. The shape of a muscle 
may be demonstrated by particular 
movements. 

Anatomical methods permit the dem- 
onstration of individual muscles in 
preparations. The origin, course and in- 
sertion of a muscle can be determined, 
but an exact evaluation of its function 
cannot be obtained from a cadaver. 
Thus, dissection is an indirect method 
which only allows inferences and does 
not take into account the cooperation 
of individual muscles. 

Electrical stimulation may be used to 


investigate muscle function, the stimuli 
being applied where the nerve enters 
the muscle (‘motor point‘). This 
method has the disadvantage first that it 
is useful only for superficial muscles, 
and secondly, that it produces maximal 
contraction without making allowance 
for the fact that other muscles may af- 
fect or reduce this maximal contraction. 


Electromyography is the most modern 
method of investigation of muscle func- 
tion, in which action potentials of fibers 
are recorded by an electrode placed di- 
rectly in the muscle. With the help of 
this method, it has been shown that, 
with an increase in effort, more and 
more motor units (muscle fibers with 
their motor end plates and nerves, see 
Vol. 3) become activated. Electromyog- 
raphy has demonstrated that all fibers 
are never active at the same time. While 
some fibers are at rest, others contract 
so that there is an even increase or de- 
crease in tension. 


A limiting factor is the difficulty in de- 
termining the extent to which an indi- 
vidual muscle contributes to any given 
movement. 


General Anatomy: General Myology 33 









LTS 
Ax 
YAY 


RA 
Be 
NZ 


A Tendon sheath 


C Sesamoid bone 
(patella) 





Systematic Anatomy of the 
Locomotor Apparatus 


36 Vertebral Column 


The vertebral column forms the basic 
structure of the trunk. It consists of 
33-34 vertebrae and intervertebral 
disks. The vertebrae are divided into 7 
cervical, 12 thoracic, 5 lumbar, 5 sacral 
and 4-5 coccygeal vertebrae. The sa- 
cral vertebrae fuse to form the sacrum 
and the coccygeal vertebrae fuse to 
form the coccyx. 


Cervical Vertebrae (A—F) 


The first vertebra, the atlas, the second, 
the axis and the seventh, the vertebra 
prominens, are distinguished from the 
rest of the cervical vertebrae. There are 
only small differences between the 
3rd—6th cervical vertebrae (A, D, E). The 
vertebral body (1) lies immediately be- 
hind the vertebral arch (2). Each ver- 
tebral arch has an anterior part, the 
pedicle (3), and a posterior part, the 
lamina (4). At the point of transition be- 
tween the two parts, the superior articu- 
lar process (5) and the inferior articular 
process (6) project cranially or caudally. 
There is a narrow indentation between 
the body and the superior articular pro- 
cess, the incisura vertebralis superior 
(7). A broader incisura vertebralis in- 
ferior (8) is present between the body 
and the inferior articular process. The 
articular processes have articular sur- 
faces (9), the superior facing dorsally 
and the inferior facing ventrally. From 
the median convergence (juncture) of 
the laminae, aspinous process (10) pro- 
jects dorsally and is bifurcated at the tip 
in the 3rd—6th cervical vertebrae. Be- 
tween the body and the arch of the 
cervical vertebrae lies a relatively large 
vertebral foramen (11). The transverse 
processes (12) extend laterally. 


Each transverse process develops from 
the anlage of a vertebra and a rib (see 
p. 52). The rib anlage is incompletely 
fused with the vertebral anlage so that 
the foramen transversarium (13) de- 
velops. The transverse process also has 
an anterior tubercle (14) and aposterior 
tubercle (15); between them we find 


a groove, the sulcus for the spinal nerve 
(16). 


The anterior tubercle of the 6th cervical 
vertebra (D) can be very large and is de- 
signated as the carotid tubercle (17). 
On the upper articular surface of the 
body of the 3rd—7th cervical vertebrae 
there are laterally two protuberances, 
the processi uncinati (18, see p. 58). 


The 7th cervical vertebra (C) has a 
particularly large spinous process, 
which is usually the highest palpable 
spinous process of the vertebral col- 
umn; it is therefore called the vertebra 
prominens. 


Variants 


If the transverse process of the 7th cervical 
vertebra (F) is incomplete and the rib anlage 
remains independent, a cervical rib (19) re- 
sults. Cervical ribs are usually bilateral, but if 
unilateral, they are more common on the left 
than on the right. The transverse foramen is 
often bisected in various vertebrae. The 7th 
vertebra usually lacks an anterior tubercle. 


Practical Points 


The presence of a cervical rib may cause a 

triad of disorders. 

1 Pain due to distortion of vessels. 

2 Pains related to the brachial plexus (sen- 
sory disturbances, especially of the ulnar 
nerve). 

3 Palpable abnormalities in the greater 
supraclavicular fossa. 
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38 Vertebral Column 


Cervical Vertebrae (continued, 
A-F) 


1st Cervical Vertebra (A-C) 


The atlas differs basically from the 
other vertebrae in that it lacks a ver- 
tebral body. In the atlas we therefore 
describe an anterior (1) and aposterior 
arch (2). Both arches have small pro- 
tuberances in the mediosagittal plane, 
the anterior (3) and posterior tubercles 
(4). Lateral to the large vertebral for- 
amen (5) of the atlas lie the /atera/ mas- 
ses (6), each of which has a superior (7) 
and an inferior articular facet (8). The 
upper articular facet is concave and the 
lower almost flat. On the inner side of 
the anterior arch is the articular facet for 
the dens, fovea dentis (9). From the for- 
amen transversarium (11), which is lo- 
cated in the processus transversus (10), 
a groove, thesulcus arteriae vertebralis 
(12), extends across the posterior arch 
for the reception of the vertebral artery. 


Variants 


The sulcus for the vertebral artery may be 
replaced by a canal (13). Rarely the atlas is 
divided into two halves joined by cartilage. 
Equally rarely uni- or bilateral assimilation 
of the atlas, i.e., bony fusion with the skull 
may be observed. 


2nd Cervical Vertebra (D—F) 


The axis differs from the 3rd—6th cervi- 
cal vertebrae because of the dens or 
odontoid process (14). On the cranial 
surface of the body the axis carries a 
tooth-like process, the dens axis, which 
ends in arounded point, the apex dentis 
(15). The anterior surface of the dens 
has a definite articular surface — the 
anterior articular facet (16). The pos- 
terior surface may have asmaller articu- 
lar facet, the posterior articular facet 
(17). 


The lateral articular facets slope lateral- 
ly. The shape of the lateral articular 
facets is somewhat complex. Although 


they may appear almost flat in a bony 
(macerated) preparation, they are more 
ridged when their cartilaginous cover- 
ing is present. The cartilaginous cover- 
ing is important in the joint between the 
atlas and the axis (see p. 60). The trans- 
verse process (18) contains the foramen 
transversarium. The spinous process 
(19) is large and often, though not al- 
ways, it has a bifurcated tip. It develops 
from the joined parts of the vertebral 
arch (20), which in common with the 
vertebral body (21), encompass the ver- 
tebral foramen (22). 
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Thoracic Vertebrae (A-D) 


The 12 thoracic vertebrae each have a 
vertebral body (1), which has incom- 
pletely ossified cranial and: caudal 
plates of compact bone and on the dor- 
sal surface openings for the exit of the 
basivertebral veins. Laterally, the ver- 
tebral body usually has two costal 
facets (2), each of which is half of an ar- 
ticular facet (D) for articulation with the 
head of a rib. The 1st, 10th, 11th and 
12th thoracic vertebrae are exceptions. 
The 1st thoracic vertebra (D) has a 
complete articular facet (3) at the cra- 
nial border of its body and a half facet 
(4) at the caudal border. The 10th ver- 
tebra (D) has only a half articular facet 
(5), while the 11th (D) has a complete 
articular facet (6) at its cranial border. 
The 12th thoracic vertebra (D) has the 
articular facet for the head of the rib in 
the middle of the lateral surface of the 
body (7). From the posterior surface of 
the body arises the vertebral arch with 
its pedicles (8) that continue on each 
side into the /aminae of the vertebral 
arch (9). The two laminae unite to form 
the spinous process (10). The spinous 
processes of the 1st through the 9th 
thoracic vertebrae overlap each other 
like roof tiles, so that their tips lie one to 
one and a half vertebrae lower than the 
corresponding vertebral bodies. They 
are triangular in cross section in con- 
trast to the spinous processes of the last 
three thoracic vertebrae which are ver- 
tically oriented plates. They do not des- 
cend but extend directly dorsally. On 
the upper margin of the pedicle of the 
arch is the poorly developed superior 
vertebral notch (11), and on the lower 
margin the deeper inferior vertebral 
notch (12). The vertebral foramen (13) 
lies between the vertebral arch and the 
posterior surface of the body. 


Cranially, where the pedicle of the ver- 
tebral arch becomes the lamina, there 
are the superior articular process (14) 
and caudally the inferior articular pro- 
cess (15). Laterally and a little pos- 


teriorly lie the transverse processes 
(16), which in the 1st to the 10th thora- 
cic vertebrae carry acostal facet (17) for 
articulation with the costal tubercle. 
The facets are concave only in the 2nd 
through 5th vertebrae (ll—V). On the 
ist, the 6th through 9th and the 10th 
vertebrae the facet is flattened. The 
shape of the facet imparts a differing 
mobility to the ribs (see p. 68). 


Practical Points 


A transverse process is typical of all thoracic 
vertebrae. The vertebral notches, one caudal 
and one cranial, together form the interver- 
tebral foramen (18) which serves for the pas- 
sage of the spinal nerves. Processes affect- 
ing the bones in this area may produce anar- 
rowing which in turn may cause nerve le- 
sions. 
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Lumbar Vertebrae (A-C) 


The bodies (1) of the lumbar vertebrae 
are much larger than those of other ver- 
tebrae. The spinous process (2) is flat 
and is directed sagittally. The lamina of 
the arch (3) is short and sturdy, and the 
pedicles of the vertebral arch (4) are 
very thick, corresponding in size to that 
of the lumbar vertebra. The lateral pro- 
cesses of the lumbar vertebrae may be 
called costal processes (5), and since 
they originate from rib anlagen, they are 
fused with the vertebrae. Behind the 
processus costarius is an accessory 
process (6) of variable size which, to- 
gether with the superior articular pro- 
cess (7) and its mamillary process (8), 
represents the remnant of the trans- 
verse process. The inferior articular 
process (9) extends caudally. The artic- 
ular facets face medially (10) on the su- 
perior articular processes and laterally 
(11) on the inferior articular processes. 
As in all other vertebrae, there is a small 
superior vertebral notch (12) between 
the body of the vertebra and the supe- 
rior articular process. The much larger 
inferior vertebral notch (13) extends 
from the posterior surface of the body 
as far as the root of the inferior artic- 
ular process. The intervertebral forami- 
na, formed by the corresponding notch- 
es, are relatively large in the lumbar 
vertebrae. The vertebral foramen (14) 
is relatively small. On the posterior sur- 
face of the body, within the foramen, 
there is a large opening for the exit of 
the basivertebral vein. On the superior 
and inferior surfaces of the lumbar ver- 
tebrae, as on other vertebrae, an annu- 
lar, compact bony lamella (15), and in 
the center of the body the spongiosa 
(16) are distinctly observable. The ring 
of,compact bone corresponds to the 
bony portion of the epiphysis of the ver- 
tebral body (see p.52). Of the five lum- 
bar vertebrae only the 5th differs in that 
its body is thicker anteriorly than pos- 
teriorly. 


Variants 


Fairly often in the 1st, and less commonly in 
the 2nd lumbar vertebra, the costal process 
does not fuse with the bone and forms in- 
stead a so-called lumbar rib (17). The last 
lumbar vertebra may fuse with the sacrum. 
This is called sacralization of the vertebra. 


Practical Point 


Lumbar ribs may cause pain because of their 
proximity to the kidney. 
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Malformations and Variants 


Malformations of the vertebrae may be 
associated with more or less severe 
changes in the spinal cord. Various fis- 
sures or other abnormalities which may 
not have caused any symptoms can 
sometimes be detected by chance on 
radiographs. Since these are develop- 
mental defects, some grouping will be 
done here. Moreover, only the free ver- 
tebrae will be considered — variations of 
the os sacrum are described on page 
50. Likewise, cervical ribs (see p. 36) 
and lumbar ribs (see p. 42) will not be 
mentioned here. 


Apart from such variations as the pres- 
ence of a vertebral artery canal (see 
p. 36), or such malformations as as- 
similation of the atlas (uni- or bilateral 
fusion with the base of the skull), the 
commonest malformations are fissures 
in the region of the vertebral arches. Pos- 
terior fissures must be distinguished 
from /ateral ones and from fissures at 
the root of the vertebral arches, as well 
as from those between the body and the 
arch, as described by Töndury. In addi- 
tion, there is the rare anterior fissure of 
the anterior vertebral arch of the atlas. 
Anterior and posterior vertebral fissures 
may be described as median fissures. 
Median posterior vertebral arch 
fissures can be associated with mal- 
formations of the spinal cord. Accord- 
ing to Téndury, they arise during the 
mesenchymal phase of vertebral devel- 
opment. 


Posterior fissures are quite common in the 
atlas (A, B) but they occur less often in 
the lower cervical vertebrae (E) and are 
very rare in the upper thoracic verte- 
brae. They are not uncommon in the 
lower thoracic and upper lumbar ver- 
tebrae and are most frequent in the sa- 
crum (spina bifida, see p. 50). 


Very infrequently the atlas has an an- 
terior median fissure and in the example il- 
lustrated here there is also a posterior 
median fissure (B). 


Lateral vertebral arch fissures (C) occur 
immediately posterior to the superior 
articular process (1), with the result that 
the inferior articular processes (2), to- 
gether with the arch and the spinous 
process, are separated from the other 
parts of the vertebra. This bony division 
is called spondylolysis and leads to true 
slipping of the vertebra (spondylolis- 
thesis). 


Another malformation is the occurence 
of fused vertebrae (D), i.e., the fusion of 
two or more vertebral bodies, as hap- 
pens normally in the sacrum. Fused ver- 
tebrae occur most commonly in the 
neck, upper thoracic and lumbar re- 
gions. The example illustrated shows 
fusion of the 2nd and 3rd cervical 
vertebrae (D). 


Figures A-E are taken form original 
preparations in the Anatomical Insti- 
tute, Innsbruck. 
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Sacrum (A-—B) 


The sacrum consists of the five sacral 
vertebrae and the intervertebral disks 
that lie between them. It has a concave 
anterior or pelvic surface (A) and a con- 
vex dorsal surface (B). The base of the 
sacrum (1) has a surface which faces 
the last lumbar vertebra. The apex of 
the sacrum (2) faces downward and lies 
opposite to the adjoining coccyx. 


Usually, the concave curvature of the 
pelvic surface (H) is not uniform but has 
its greatest depth approximately at the 
level of the third vertebra. Here the 
sacrum may even appear angulated. 
The pelvic surface has four paired pel- 
vic anterior sacral foramina (3) as exits 
for the ventral branches of the spinal 
nerves. These foramina are not equiva- 
lent to the intervertebral foramina 
found in other vertebrae, which here lie 
directly within the sacral canal, but are 
surrounded both by vertebral and rib 
anlagen (see p. 52). They correspond to 
those foramina that are formed by 
vertebrae, ribs (or rib anlagen) and 
superior costotransverse ligaments. 
Between the right and left anterior 
sacral foramina lie the transverse lines 
(4), which are due to fusion of the ad- 
jacent surfaces of the vertebrae and 
intervertebral disks. 


The dorsal surface (B) is regularly convex. 
Five longitudinal ridges, not always 
clearly developed, have their origin in 
fusion of the corresponding processes 
of the vertebrae. The median_ sacral 
crest (5) is formed in the midline by the 
fused spinous processes. Lateral to it, 
but medial to the dorsal sacral foramina 
(6), is the intermediate sacral crest (7), 
which is usually the most poorly de- 
veloped. It represents the fused rem- 
nants of the articular processes of the 
vertebrae. Lateral to the dorsal 
foramina the /ateral sacral crest (8) can 
be seen, which represents remnants 
of the transverse processes. 


In the cranial prolongation of the inter- 


mediate sacral crest at the upper end, 
the superior articular processes (9) are 
found which articulate with the last 
lumbar vertebra. Like the anterior sacral 
foramina, the eight dorsal sacral 
foramina are not equivalent to the inter- 
vertebral foramina of other vertebrae. 
They correspond to those openings 
which are formed in common by the ver- 
tebra, rib (or rib anlagen) and the cos- 
totransverse ligament. They are the ex- 
its for the dorsal branches of the spinal 
nerves. 


The median sacral crest terminates just 
above the sacral hiatus (10), which re- 
presents the inferior aperture of the 
vertebral canal at the level of the 4th 
sacral vertebra. It is bounded laterally 
by the two sacral horns (11). 


Trunk: Vertebral Column 47 















= =)) yn 


yn hi ah 


GL N N 
oy Jill wall 


zn ron 
din AMM ( )) 
MG > a 


Ar |: EZ 


yt tly - 
WAS ; 
ro; 
vi 
















ally 


a on 


B Sacrum from back 


48 Vertebral Column 


Sacrum (continued, A—D) 


A view of the sacrum from above (A) shows 
in the middle the base (1), which forms 
the contact surface of the intervertebral 
disk with the last lumbar vertebra. Of all 
the intervertebral disks in the vertebral 
column, this one extends the furthest 
forward. It also projects furthest into the 
pelvis (see p. 62) and should by defini- 
tion be called the promontory. However, 
in present day usage the most promi- 
nent point of the sacrum is also called 
the promontory. On either side of the 
base lie the /ateral parts (2) which are 
formed on the one side by the trans- 
verse processes and on the other from 
rudiments of ribs. Posterior to the base 
lies the entrance to the sacral canal and 
lateral to it are the two superior articular 
processes (3), which articulate with the 
last lumbar vertebra. 


In a lateral view (B) of the sacrum the au- 
ricular surface (4) for the articulation 
with the hip bone can be seen. Posterior 
to it lies the sacral tuberosity (5), a 
roughened area for the attachment of 
ligaments. 


The sacral canal lies within the sacrum 
and, corresponding in shape to the sac- 
rum, is irregularly curved and of uneven 
width. About the level of the 3rd sacral 
vertebra the canal is narrowed. 
Channels, which correspond to the 
intervertebral foramina and are formed 
from the fused superior and inferior ver- 
tebral notches, open laterally from the 
sacral canal. The corresponding sacral 
foramina open ventrally and dorsally 
from these short channels. 


Sex Differences 


Males (D) have a longer sacrum with 
more marked curvature. Females (C) 
have-a shorter but broader sacrum, 
which is less curved. 


Coccyx (E, F) 


The coccyx, which is usually formed 
from three to four vertebrae, is normally 
only rudimentary. The surface which 
faces the sacrum has cornua (6) or 
horns, formed from the completely 
fused articular processes of the 1st coc- 
cygeal vertebra. The remainder of the 
coccygeal vertebrae consist only of 
small, round bones. 
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Variations in the Sacral Region (A-D) 


The vertebral column usually consists 
of 24 presacral vertebrae, the remainder 
being arranged into five fused sacral 
vertebrae and three to four coccygeal 
vertebrae. About one third of individ- 
uals have an additional sacral verte- 
bra, so that the sacrum consists of six 
vertebrae. Either one lumbar vertebra 
may be included in the sacrum (A), or 
the ist coccygeal vertebra may be 
fused with it (B). Situation (A) is called 
sacralization of a lumbar vertebra, and 
(B) is called sacralization of the coccyx or 
a coccygeal vertebra. If either a lumbar or 
a coccygeal vertebra is fused with the 
sacrum, there are five sacral foramina 
on each side and the sacrum appears 
larger than in its typical form. 


Fusion of the last lumbar vertebra may 
be unilateral, producing a lumbo-sacral 
transitional vertebra, which may lead to 
scoliosis of the spine (see p. 62). A lum- 
bosacral transitional vertebra occurs 
also when there is lumbalization of the 
1st sacral vertebra. In this case dorsally 
there is incomplete fusion of the 1st 
sacral with the rest of the vertebrae and 
there is no bony union in the region of 
the lateral parts, i.e., inthose areas that 
originated from remnants of ribs. 


It should be noted that when lumbaliza- 
tion of a sacral vertebra occurs, there 
may nevertheless be five vertebrae if the 
1st coccygeal vertebra is fused with the 
sacrum. An increased number of sacral 
vertebrae, i.e., sacralization of a lumbar 
or coccygeal vertebra, is more common 
in males than in females. 


Quite often an incomplete medial sacral 
crest is found (according to Hintze in 
44% at 15 and 10% at 50 years of age). 
In these cases the posterior wall of the 
sacral canal appears to be defective (C). 
Apart from this, incomplete fusion of 
the spinous process of the 1st sacral 
vertebra with the spinous processes of 
the other sacral vertebrae produces a 
vertebral arch in the 1st sacral segment 


and so the medial sacral crest starts 
from the 2nd vertebra. 


Lastly, sometimes none of the vertebral 
arches are fused, so that there is no 
posterior bony wall in the sacral canal. 
This malformation is called spina bifida 
(D). 
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Ossification of the Vertebrae 
(A-I) 


Basically all vertebrae possess three 
bony anlagen, from which two develop 
perichondrally and one endochondral- 
ly. The perichondral cuffs (1) lie at the 
roots of the vertebral arches while the 
bony nucleus (2) is found in the body of 
the vertebra. Apart form these centers 
of ossification, individual vertebrae 
have secondary epiphysial bony anla- 
gen which appear on the surface of the 
vertebral body, as well as in the trans- 
verse and spinous processes. 


The atlas (A) develops from two lateral bony 
anlagen (1), but in the 1st year of life the 
ventral arch may develop its own bony cen- 
ter, which fuses with the other two between 
the ages of 5 and 9. The transverse proces- 
ses of the atlas and axis contain rudimentary 
rib anlagen (3). 


In addition to the three bony aniagen and 
the secondary epiphyses, the axis (B, C) has 
further ossification centers. The dens (4) is 
usually considered to arise from the bony 
anlage of the body of the atlas, although, ac- 
cording to another theory (Ludwig), it is 
formed from the so-called dental processes. 
Relatively late a bony center (ossiculum ter- 
minale) develops in the apex of the dens (5), 
corresponding to the body of the proatlas, 
and it fuses with the dens only in the 25th 
year of life. 

In the other cervical vertebrae (D) three typical 
bony anlagen develop toward the end of the 
2nd intrauterine month. Bony anlagen 
appear in the transverse processes (6), 
which develop from the rib precursors 
(parietal bars), and from which the anterior 
tubercles and parts of the posterior tuber- 
cles are formed. The bony arches fuse in the 
1st year. Fusion between the body and the 
arch occurs between the ages of 3 and 6 
years. Secondary epiphysial anlagen appear 
at the ends of the transverse processes and 
the spinous processes between 12 and 14 
years, and fuse with them at about 20 years. 
The epiphyses of the vertebral bodies, a 
cranial and a caudal cartilaginous plate, 
ossify from the 8th year onward in ring form 
(annular epiphysis) and fuse with the body 
from about the age of 18. 


In the thoracic region (E) the bony anlagen of 
the pedicles (1) develop first in the upper 
thoracic vertebrae. The endochondral 
center (2) of the vertebral body develops 
during the 10th week of intrauterine life, at 
first in the lower thoracic vertebrae. Fusion 
of the bony halves of the arches commences 
in the 1st year of life, and between the arch 
and the body it starts between the ages of 3 
and 6. The epiphyses of the vertebral bodies 
ossify in a ringlike fashion. 


The lumbar vertebrae (F, G, K), also, ossify 
from three bony anlagen; the bony centers 
(2) in the vertebral bodies appear first in the 
upper lumbar vertebrae (about the same 
time as in the bodies of the lower thoracic 
vertebrae) and the bony anlagen in the 
vertebral arches (1) appear somewhat later. 
The costal processes (7) develop from the 
rib anlagen. 


Thesecondary epiphyses include, as well as 
a bony anlage on the spinous process, ring- 
shaped osseous epiphyses (8) on the upper 
and lower surfaces of the vertebral bodies. 


In each of its segments the sacrum (H, I) de- 
velops, like the rest of the vertebrae, from 
three bony anlagen, and in addition from 
a rib anlage (9) in the region of the lateral 
mass on each side. Thus, each segment of 
the sacrum has five ossification anlagen. \|n 
the region of the lineae transversae there is 
additional bony fusion of the margin with 
the intervertebral disks. The centers which 
develop in the rib rudiments appear be- 
tween the 5th—7th month. They fuse with 
the other bony centers between the ages of 
2 and 5 years. The sacral vertebrae fuse 
successively from the caudal to the cranial 
end up to about the age of 25 years. 


The coccygeal vertebrae develop from bony 
centers that appear in the 1st year and fuse 
between the ages of 20 and 30 years. 
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Intervertebral Disks (A—D) 


Each intervertebral disk consists of an 
outer tense annulus fibrosus (1) and a 
soft jelly-like nucleus, the nucleus pul- 
posus (2), which contains remnants of 
the notochord (“chorda dorsalis’’). The 
annulus fibrosus consists of concentri- 
cally arranged collagen fibers and fi- 
brocartilage held under tension by the 
nucleus pulposus. The intervertebral 
disks lie between the bodies of the indi- 
vidual vertebrae. In a sagittal section 
they appear conical. In the cervical and 
lumbar region they are higher in front 
and lower behind. The reverse is true in 
the thoracic region, where disks are 
lower in front and higher behind. Basi- 
cally, the thickness of the intervertebral 
disks increases from the cranial to the 
caudal region. 


The surfaces of the intervertebral disks 
are covered by hyaline cartilage (rem- 
nants of the epiphyses of the vertebral 
bodies), and are united synchondroti- 
cally to the vertebrae. In addition, thein- 
tervertebral disks are also held in posi- 
tion by the longitudinal ligaments (3). 
The posterior longitudinal ligament is 
united with the disks (see p. 56) over a 
broad surface, while the anterior lon- 
gitudinal ligament is only loosely at- 
tached to them. 


Function 


The function of the intervertebral disks 
is comparable to that of shock absorb- 
ers in automobiles. Loading compres- 
ses them and when it is released, they 
regain their original shape after some 
time. In movements within the vertebral 
column (C, D) the intervertebral disks, 
as elastic elements, are compressed or 
stretched unilaterally. 


Practical Points 


With increasing age, a reduction of the 
internal pressure may result in shrink- 
age of the nucleus pulposus. This pro- 
duces a slackening of tension in the an- 


nulus fibrosus and it can be torn more 
easily. Apart from such degenerative 
processes, there may be displacement 
of intervertebral disks. Displacement 
with invasion of the adjacent vertebral 
body is known as a ‘‘Schmorl’s node’. It is 
clearly visible in radiographs. Pulposus 
herniation occurs if the jelly-like nucleus 
is pushed dorsally and laterally into the 
vertebral canal after damage to the an- 
nulus fibrosus. This may endanger the 
spinal cord, or individual spinal roots or 
spinal nerves. Herniation of the nucleus 
pulposus is commonest between the 
3rd and 4th and the 4th and 5th lumbar 
vertebrae. In addition, it often affects 
the lowest two cervical intervertebral 
disks between the 5th and 6th and 6th 
and 7th vertebrae. Prolapse of a disk 
(i. e., of the nucleus) develops from a 
complete rupture of the annulus fibro- 
sus. Reduction in the tension of the 
annulus fibrosus may lead to a loss of 
elasticity, followed by invasion of osteo- 
blasts and ossification of parts of the 
disk. 
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Ligaments of the Vertebral 
Column (A-D) 


The anterior and posterior longitudinal 
ligaments (A—C): the ligaments run an- 
teriorly or posteriorly the vertebral bo- 
dies. The anterior longitudinal liga- 
ment (1) originates from the occipital 
bone, or the anterior tubercle of the 
atlas, and extends downward along the 
anterior surface of the vertebral bodies 
as far as the sacrum. It broadens out 
caudally and is always firmly bound to the 
vertebral bodies, but not to the interverte- 
bral disks. 


The posterior longitudinal ligament (2) 
also arises from the occipital bone and 
runs caudally along the posterior sur- 
face of the vertebral bodies to end in the 
sacrum. It is firmly attached to the ver- 
tebral bodies only at their upper and 
lower margins. Between the vertebral 
bodies and the ligament there is always 
a fissure for veins coming from the ver- 
tebral bodies. The posterior longitudi- 
nal ligament is firmly attached to the inter- 
vertebral disks and, particularly in the 
thoracic and lumbar regions, it forms 
rhomboid lateral fibrous extensions (3). 
These strongly secure the intervertebral 
disks. 


The longitudinal ligaments increase the 
stability of the vertebral column, par- 
ticularly during flexion and extension 
movements. They have therefore two 
functions, namely to restrict movement 
and to protect the intervertebral disks. 


The ligamenta flava (D4) extend be- 
tween the vertebral arches (5). Their 
chief constituent is elastic fibers, which 
are responsible for their yellow color. 
Even at rest these ligaments are under 
tension. During flexion of the spine they 
become more extended and help the re- 
turn of the vertebral column to the 
erect position. 


The ligamentum nuchae (not shown) 
extends from the external occipital 


crest to the spines of the cervical ver- 
tebrae. The sagittal position provides 
attachment for muscles, and it con- 
tinues beyond the neck as the interspi- 
nal and supraspinal ligaments. 


The intertransverse ligaments (6) are 
short ligaments between the transverse 
processes. 


The interspinal ligaments (not shown) 
are also short ligaments that extend be- 
tween the spinal processes. 


The supraspinal ligaments (not shown) 
begin on the spinal process of the 7th 
cervical vertebra and extend as far as 
the sacrum to provide a continuous 
connection between the vertebrae and 
the sacrum. 
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Joints of the Vertebral Column 
(A-E) 


Joints Intervertebral Juncturae Zyg- 
apophyseales (A-B) \ 


These are the small vertebral joints be- 
tween the articular processes (A). The 
articular capsules become more tense 
from cranially to caudally. In the cervi- 
cal region they are broad and lax with 
meniscus-like infoldings (B) which en- 
hance mobility, although there is rela- 
tively little movement between any two 
adjacent vertebrae. It is only the com- 
bined action of all the participants 
(vertebrae and intervertebral disks) 
which results in corresponding move- 
ments. In the cervical region there is 
lateral, forward, and backward flexion, 
and a limited rotation. In the thoracic 
region mainly rotation, but to some ex- 
tent also flexion and extension are 
possible. In the lumbar region flexion 
and extension essentially occur. Move- 
ment in any individual region of the 
vertebral column is determined by the 
position of the joint surfaces. In the cer- 
vical vertebrae they face almost an- 
teriorly, in the thoracic spine they rep- 
resent segments of a cylinder and in 
the lumbar region the articular facets 
lie more nearly parallel to the sagittal 
plane. 


“Uncovertebral Joints” (C—E) 


The “‘uncovertebral” joints are found in 
the cervical region. The uncinate pro- 
cesses, which are flat at first, begin 
to elevate in childhood. Between the 
ages of 5 and 10 fissures appear in 
the cartilage which assume an articular 
character; thus “uncovertebral’’ joints 
are not present initially but develop 
secondarily. Approximately between 
the ages of 9 and 10, these structures 
extend as gaps into the disks. This ini- 
tially confers functional advantages, 
but later on in life the fissure may de- 
velop into a complete tear through the 
disk (E), with a risk of pulposus herniation 


(see p. 54). Although ‘“‘uncovertebral 
joints’ are initially physiological struc- 
tures, later they may become pathologi- 
cal due to rupture of the disk. 


Practical Points 

Clinically, the differential diagnosis between 
“uncovertebral joints’ and traumatic or 
pathologic changes is very difficult. Damage 
to the disk is most common at C5, where it 
may be visible in a lateral radiograph as the 
so-called “‘/ordotic crack’'. 


Sacrococcygeal Joint 


The connection between the sacrum 
and the coccyx is often a synovial joint. 
It is strengthened by a superficial liga- 
ment and deep dorsal sacrococcygeal 
ligaments, a ventral sacrococcygeal 
ligament and lateral sacrococcygeal 
ligaments. 
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60 Vertebral Column 
Joints (continued) 


Atlanto-occipital Articulation (A, D, E) 


The right and left atlanto-oceipital articula- 
tion is a combined joint between the at- 
las and the occipital bone, which in 
shape corresponds to an ellipsoid joint 
(A, D). The articular surfaces are the 
superior articular facets of the atlas and 
the occipital condyles (1). The joint 
capsules are lax and permit sideways 
bending and forward and backward 
movements. This “upper head joint’ is 
secured by ligaments, just like the 
“lower head joint’, 


Atlanto-axial Articulation (B—E) 


The so-called “lower head joint’’consists 
of the conjoined median and lateral atlan- 
to-axial articulations. Functionally it is a 
rotary joint in which movement of 26° to 
each side is possible from the mid-posi- 
tion. In the lateral joints the articular 
facets are the inferior articular facets of 
the atlas (2) and the superior articular 
facets of the axis (3). The incongruity of 
the articular surfaces is reduced by a 
cartilaginous covering and meniscoid 
synovial folds (4). The folds appear 
triangular in sagittal section (C). The ar- 
ticular facets of the median atlanto- 
axial joints include the anterior articular 
facet of the dens of the axis (5), and the 
fovea dentis on the posterior surface of 
the anterior arch of the atlas (6). In addi- 
tion, in the region of the transverse lig- 
ament of the atlas (7), which extends 
behind the dens, there is another articu- 
lar surface on the dens. The lower head 
joint, like the upper joint, is secured by 
ligaments. 


The ligaments of both joints are the apical 
ligament of the dens (8), which extends 
fromthe apex of the dens to the anterior 
margin of the foramen magnum. The 
transverse ligament of the atlas (7) con- 
nects the two lateral masses of the atlas. 
It passes posterior to the dens and 
stabilizes it. The transverse ligament 


is strengthened by /ongitudinal bands 
(9) which run upward to the anterior 
margin of the foramen magnum and 
downward to the posterior surface of 
the body of the 2nd cervical vertebra. 
The longitudinal bands and the trans- 
verse ligament of the atlas together 
form the cruciform ligament of the 
atlas. 


The alar ligaments (10) are paired liga- 
ments that arise on the dens and ascend 
to the lateral margin of the foramen 
magnum. The tectorial membrane (11) 
is a broad band which arises on the 
clivus and descends to join the pos- 
terior longitudinal ligament. 


The anterior (12) and posterior (13) at- 
lanto-occipital membranes consist of 
broad connective tissue fiber bands ex- 
tending between the anterior and the 
posterior arches of the atlas, respec- 
tively, and the occipital bone. 


14 Ligamenta flava, 
15 Nuchal ligament. 
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62 Vertebral Column 


Vertebral Column Considered 
as a Whole (A-H) 


In the sagittal plane the vertebral col- 
umn of the adult shows two anteriorly 
convex curvatures, lordoses, and two 
posteriorly convex curvatures, ky- 
phoses. 


The lordoses are in the cervical and 
lumbar regions (1) and the kyphoses in 
the thoracic and sacral regions (2). The 
intervertebral disk between the 5th 
lumbar vertebra and the sacrum is 
sometimes called the promontory (see 
p. 48). 


Practical Points 


The curvature in the cervical region is quite 
variable. Three types occur between the 
ages of 20 and 30 years. The “true” lordosis 
usually illustrated (A) is actually very un- 
common. A double lordosis (B), also called 
a lordotic bend, is the most common and is 
typical of adults in the 3rd decade of life. In 
addition, there may be almost a complete 
absence of lordosis, the attenuated form, 
(C). Investigation of differences between 
the sexes has shown that true lordosis is 
less common in females, that double 
lordosis is less common in females, that 
double lordosis occurs with equal fre- 
quency in both sexes, and that the attenu- 
ated type is more common in females than 
in males (Drexler). 


A lateral curvature is known as scoliosis. A 
slight degree of scoliosis is often present in 
radiographs, deviation to the right of the 
median sagittal plane being more com- 
mon than to the left. The commonest patho- 
logical finding is increased kyphosis (ado- 
lescent kyphosis, kyphosis of old age). 


The curvatures of the vertebral column de- 
velop as a result of the stresses of sitting and 
standing. Its load capacity is dependent on 
the degree of ossification of the vertebrae, 
so that the final posture (D) is not achieved 
until after puberty. The line of the center of 
gravity lies partly in front of and partly be- 
hind the vertebral column. In a child of ten 
months (E) the curvatures are already pres- 
ent, but the line of the center of gravity (3) 
lies behind the vertebral column. In infants 


of three months (F) the curvatures are only 
indicated. 


In adults the vertebral column is like an elas- 
tic rod, the mobility of which is restricted by 
ligaments. During the ageing process the 
vertebral column undergoes _ various 
changes, so that in the elderly a reduction in 
the thickness of the disks produces a rather 
uniform kyphosis of the entire vertebral col- 
umn, and so reduces its mobility. 


Movements of the Vertebral Column 


Forward and backward bending (flex- 
ion and extension) occur primarily in 
the cervical and lumbar spine. Back- 
ward bending is particularly marked be- 
tween the lower cervical vertebrae, the 
11th thoracic and 2nd lumbar verte- 
brae and the lower lumbar vertebrae. 
Because of the greater mobility in 
this region, damage and injury to the 
spinal column due to overstrain is more 
frequent here than at other levels. In 
forward bending (blue) and backward 
bending (yellow) of the cervical (G) and 
lumbar (H) spine changes are seen in 
the intervertebral disks, which are sub- 
ject to considerable stress. The degree 
of Jateral flexion in the cervical and 
lumbar regions is approximately equal, 
but it is greatest in the thoracic region. 


Rotation is possible in the thoracic and 
cervical region and particularly in the 
“lower head joint’ area. Head rotation 
always goes hand in hand with move- 
ment of the “lower head joint’, move- 
ment of the cervical and slight move- 
ment of the thoracic spine. 
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64 Thorax 
Ribs (A-F) 


In each rib we distinguish a bony part, 
the os costale, and at the anterior end the 
costal cartilage. 


There are twelve pairs of ribs, of which 
the upper seven are connected directly 
to the sternum and are called true ribs. 
The lower five ribs, false ribs, are joined 
indirectly (8th-10th) or not at all 
(11th-12th) to the sternum. The 11th 
and 12th rib can be constrasted with the 
others as floating ribs. 


Each rib (C) has ahead (1) aneck (2) and 
a body (3). The junction between the 
neck and the body is at the tubercle (4). 
The head and the tubercle each have an 
articular facet. From the 2nd to the 10th 
rib, the articular facet of the head is 
divided into two by the crest of the head 
of the rib. On the upper margin of the 
neck of most ribs is the crest of the 
neck of the rib (5). Lateral and ventral to 
the tubercle is the angle of the rib. With 
the exception of the 1st, 11th and 12th, 
all ribs have acostal su/cus on the lower 
surface. 


Curvatures: There are three curvatures — of 
the edge, of the flat surface and a torsion 
curvature. Although the edge curvature, 
which is the principal one in the 1st rib, is 
readily apparent, the flat surface curva- 
ture can only be seen on close inspection. It 
is present from the 3rd rib on. If the upper 
surface of a rib is viewed near its anterior 
end, and is followed toward the back it will 
be seen that the surface slowly turns dorsal- 
ly. In addition to this curvature, there is a 
longitudinal twist in the rib, which is most 
marked in the middle ribs and is called tor- 
sion. It is not present in the 1st, 2nd or 12th 
ribs. 


The hyaline costal cartilage begins to 
calcify with increasing age, more in 
males than in females. This reduces 
mobility of the thorax (see p. 70). 


Individual Features of Particular Ribs 


The 1st rib (A) is small and flattended. On the 
inner circumference of its cranial surface is 
an area of roughness, the sca/ene tubercle 
(6), to which the anterior scalenus is at- 
tached. Posterior to it lies the su/cus of the 
subclavian artery (7), and in front of it is the 
sulcus of the subclavian vein (8), which is 
not always clearly visible. 


The 2nd rib (B) has a rough area on its upper 
surface, the tuberosity for the serratus an- 
terior muscle (9), from which one part of 
the serratus anterior originates. 


The costal tubercle and costal sulcus are ab- 
sent from ribs 11 and 12 (D), and the costal 
angle is only indicated. 


In two thirds of cases the 10th rib ends freely, 
i.e., it is not connected with the 9th rib and 
with the sternum. The first seven ribs are 
usually directly connected to the sternum, 
although sometimes the first eight may be 
so associated, and less commonly only the 
first six. 


Variants 


The number of pairs of ribs is variable. There 
are usually 12 pairs, but sometimes 11 or 13 
are found. When there are 13 pairs, cervical 
(see p. 36) or lumbar ribs (see p. 42) may be 
present. 

Malformations may lead to fenestrated or 
forked ribs (E). Most commonly they affect the 
4th rib. 


Ossification (F) 


The cartilage anlagen begin to ossify, pro- 
gressing from dorsal to ventral by the end of 
the 2nd intrauterine month. By the end of 
the 4th intrauterine month ossification 
ceases and the ventral part is preserved as 
the rib cartilage. 
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66 Thorax 


Sternum (A-F) 


The sternum consists ofthemanubrium 
sterni (1), the body (2) and the xiphoid 
process (3). Between the manubrium 
and the body lies the sternal angle (4), 
which is open toward the back. The 
xiphoid process is cartilaginous until 
maturity; with advancing age it may be- 
come ossified completely or remain 
partially cartilaginous. At the cranial 
end ofthe manubrium sterni istthejugu- 
lar notch (5) and lateral to it on either 
side the clavicular notches (6). The lat- 
ter articulate with the clavicle. Just be- 
low the clavicular notch, the manub- 
rium again has an additional pairedcos- 
tal notch (7) for a continuous cartilagi- 
nous joint with the 1st rib. At the sternal 
angle is anotch (8) for articulation be- 
tween the sternum and the 2nd rib. 
The lateral borders of the body have 
costal notches for continuous connec- 
tions with ribs 3—7. The costal notch for 
the 7th rib lies just at the point of transi- 
tion between the body and the xiphoid 
process. The manubrium and body of 
the sternum are usually joined by the 
manubriosternal synchondrosis (see 
p. 68). A xiphosternal synchondrosis 
between the body and the xiphoid pro- 
cess is much less common. 


The xiphoid process varies in shape. It 
may consist of one piece or it may be 
forked. Sometimes it contains a fora- 
men and it may be bent forward or 
backward. 


Sex Differences 


The body of the sternum is longer in 
males than in females, and, for sterna of 
the same length, that of the male is nar- 
rower and slimmer than that of the 
female. 


Variants 


Very rarely there are suprasternal bones (A 9), 
also called the episternum, at the cranial end 
of the manubrium near the jugular notch. 
Sometimes there is an opening within the 
sternum, a congenital sternal fissure (D 10), 
which arises during development. 


Ossification (F) 


The sternum develops from paired sternal 
bands which are formed by longitudinal fu- 
sion of individual rib anlagen, followed by 
fusion of the sternal bands. In the region of 
the jugular notch a paired suprasternal 
body forms and subsequently regresses. 


In the preformed cartilaginous part of the 
sternum, ossification starts from several 
bony centers. The first center usually ap- 
pears in the manubrium between the 3rd and 
6th intrauterine months. The remaining cen- 
ters, usually paired, but partly unpaired, five 
to seven in number, then arise in the body of 
the sternum, the most caudal appearing in 
the 1st year. Fusion of the centers occurs 
between the ages of 6 to 20 (25) years. Sec- 
ondary epiphyseal anlagen may appear 
in the region of the clavicular notch which, 
however, only fuse with the manubrium 
between the ages of 25 and 30. Between 
the ages of 5 and 10, two osseous centers 
may develop in the region of the xiphoid 
process. 
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68 Thorax 
Joints of the Ribs (A-B) 


Mobility of the ribs is a precondition for 
respiration. There are joints between 
the ribs and the vertebral column, and 
synovial and cartilaginous joints be- 
tween the ribs and the sternum. 


Costovertebral Joints (A) 


The joints of the heads of the ribs (1). 
Apart from the 1st, 11th and 12th ribs, 
the joints of the heads of the ribs with 
the vertebral column represent dou- 
ble-chambered joints. Each rib articu- 
lates with the upper or lower borders of 
two neighboring vertebrae, and the in- 
tervertebral disk is connected by an in- 
tra-articular costal ligament to the crest 
of the head of the rib. The capsule is 
strengthened by the superficial radiate 
costal ligament (2). 


Costotransverse Joints (3). With the 
exception of ribs 11 and 12, all ribs ar- 
ticulate in addition with the transverse 
processes of the vertebrae, so that here 
the two joints, costovertebral and cos- 
totransverse joints, are obligatorily 
combined. The articular surfaces of the 
costotransverse joints are the articular 
facet of the costal tubercle and the cos- 
tal fovea of the transverse process. The 
capsules of these joints are delicate and 
are strengthened by ligaments, includ- 
ing the costotransverse ligament (4) 
and the ligament of the costal tubercle 


(5). 


In the region of the 12th rib there is in 
addition the /umbocostal ligament, 
which extends from the costal process 
of the 1st lumbar vertebra to the 12th 
rib. 


Movements: Sliding movements are 
possible for the 1st rib and ribs 6—9, and 
rotary motion about the neck is possible 
for ribs 2-5. 


Sternocostal Joints (B) 


Only some of the junctions between the 
ribs and the sternum are synovial joints 


which are always present between the 
sternum and ribs 2—5, but ribs 1,6 and 7 
are joined to the sternum by cartilagi- 
nous joints, synchondroses (6). The 
sternocostal joints are strengthened by 
ligaments which continue into the 
membrana sterni (7). An intra-articular 
sternocostal ligament (8) is always pre- 
sent at the 2nd sternocostal joint. The 
other strenghening ligaments are the 
radiate sternocostal ligaments (9). In 
the sternocostal articulations one must 
keep in mind that the ribs (see p. 64) 
consist of a bone and a cartilage. The 
joints between the sternum and the ribs 
are formed by the cartilaginous part of 
the rib. This costal cartilage loses its 
elasticity at an early age due to calcium 
deposition. 


The interchondral joints are a special 
type of articulation which occurs be- 
tween the cartilages of to the 6th—9th 
ribs. 


10 Manubriosternal synchondrosis, 
11 Clavicle, 
12 Xiphoid process. 
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70 Thorax (A-D) 


The thorax consists of 12 thoracic ver- 
tebrae and their intervertebral disks, 12 
pairs of ribs and the sternum. The 
thorax encloses the thoracic cavity, which 
has a superior (1) and an inferior (2) 
aperture. While the superior aperture is 
relatively narrow, the inferior one is very 
wide. The inferior thoracic aperture is 
limited by the costal arch (3) and the 
xiphoid process (4) and the superior 
one by the first two ribs. The angle be- 
tween the right and left costal arches is 
called the infrasternal angle (5). 


Movements of the Thorax 


Its elasticity makes for great resistance 
to stress. Movements of the thorax re- 
sult from a summation of individual 
movements. As limiting positions we 
distinguish maximal expiration (A, B) on 
the one hand and maximal inspiration (C, 
D) on the other. During inspiration there 
is a widening of the thorax both in the 
ventrodorsal and lateral directions. The 
expansion is made possible by 1) the 
mobility in the costovertebral joints, 2) 
elasticity of the costal cartilages which 
permit twisting, and 3) to aslight extent 
by increased kyphosis of the thoracic 
column. During expiration the ribs are 
depressed, thus diminishing the size of 
the thorax in the ventrodorsal and lat- 
eral direction. At the same time there is 
some decrease in the thoracic kyphosis. 
The infrasternal angle increases, be- 
coming less acute during inspiration, 
while during expiration it becomes 
more acute. The mobility of the thorax 
may be reduced by calcification of the 
costal cartilages so that the shape of the 
thorax is not expanded to the res- 
piratory capacity. The essential factor is 
its mobility, i.e., the difference in vol- 
ume between maximal expiration and 
maximal inspiration. Disorders not only 
of the cartilage but also of the joints 
cause reduction of total thoracic func- 
tion. 


The forces which move the thorax are gen- 


erated by the intercostal (see p. 82) and 
scalenus muscles (see p. 80). The inter- 
costal muscles occupy the intercostal 
spaces. They are primitive metameric 
muscles, which must be included in the 
autochthonous thoracic musculature. 
The latter also include the transversus 
thoracis and subcostal muscles. The 
musculature is innervated by ventral 
rami of the spinal nerves, the intercostal 
nerves. 
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72 Intrinsic Muscles of the Back 


This group includes all the muscles inner- 
vated by the dorsal rami of the spinal nerves. 
Together they are called the erector spinae. 
In the living body there are two longitudinal 
columns lateral to the spinous processes, 
which are most marked in the lumbar region. 
The muscles lie in an osteofibrous canal 
formed by the bones of the vertebral arches, 
the costal processes and the spinous pro- 
cesses. Posteriorly and laterally this canal is 
limited by the thoracolumbar fascia. We dis- 
tinguish lateral superficial from medial deep 
tracts of the erector spinae. The lateral tract 
runs from the pelvis to the skull and consists 
of long muscle bundles. The medial tract has 
a straight and an oblique component. The 
former includes muscles which run vertical- 
ly, either between the spinous processes (in- 
terspinal) or betwenn the transverse proces- 
ses (intertransversal). The oblique system 
consists of short muscles which run oblique 
to the main directions of the space (trans- 
versospinal). 


Lateral Tract (A—B) 


The lateral tract, like the medial one, may be 
divided into intertransverse and transver- 
sospinal muscle groups. 


Intertransverse Muscles 


The iliocostalis (1, 2, 3) consists of the 
iliocostalis lumborum, the iliocostalis 
thoracis and the iliocostalis cervicis. 


The iliocostalis lumborum (1) extends 
from the sacrum, external lip of the iliac 
crest and the thoracolumbar fascia 
to the costal processes of the upper 
lumbar vertebrae and the lower six— 
nine ribs. The iliocostalis thoracis (2) 
stretches from the lower six to the up- 
persix ribs, and the iliocostalis cervicis 
(3) arises from the 6th—3rd ribs and in- 
serts on the transverse processes of the 
6th—4th cervical vertebrae. 

Nerve supply: Dorsal rami (C4—L3). 
The longissimus (4, 5,6) is subdivided 
into the longissimus thoracis (4) and 
cervicis (5) and the longissimus capi- 
tis (6). The longissimus thoracis arises 
from the sacrum, the spinous proces- 
ses of the lumbar vertebrae and the 


transverse processes of the lower 
thoracic vertebrae and extends to the 
1st or 2nd ribs. It is attached medially 
and laterally; medially to the accessory 
processes (7) of the lumbar vertebrae 
and to the transverse processes (8) of 
the thoracic vertebrae, and laterally to 
the ribs, the costal processes (9) of the 
lumbar vertebra and the deep la- 
mina of the thoracolumbar fascia. The 
longissimus cervicis arises from the trans- 
verse processes of the upper six thora- 
cic vertebrae and extends to the poste- 
rior tubercles of the transverse pro- 
cesses of the 2nd—5th cervical verte- 
brae. The longissimus capitis originates 
from the transverse processes of the 
three-five upper thoracic and three 
lower cervical vertebrae and ends on 
the mastoid process (10). 

Nerve supply: Dorsal rami (C2—L5) 


Transversospinal Muscles 


The splenius cervicis (11) extends from 
the spinous processes of the 3rd to 6th 
thoracic vertebrae to the transverse 
processes of the 1st and 2nd cervical 
vertebra. 


The splenius capitis (12) arises from the 
spinous processes of the upper three 
thoracic and the lower four cervical ver- 


‘tebrae and ends in the region of the 


mastoid process (10). 


. Nerve supply: Dorsal rami (C1—C8). 


The actions of all these muscles supplement 
each other. The first two are largely respon- 
sible for the erect posture of the body and 
then the two splenii, when contracted on 
one side, produce rotation of the head to the 
same side. They have an additional support- 
ing function for the other instrinsic muscles 
of the back. In the thoracic and lumbar re- 
gions the intrinsic muscles of the back are 
held in place by the thoracolumbar fascia. 


Variants 


Variations in the number of muscle slips is 
common. |— XII = 1st— 12th ribs. 


The levatores costarum are described on 
page 78. 
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74 Intrinsic Muscles of the Back (continued) 


Medial Tract 
Straight Muscles 


The interspinales are arranged seg- 
mentally and are present in the cervical 
and lumbar regions. They are absent 
from the thoracic region, except be- 
tween thoracic vertebrae 1 and 2, 2 and 
3, and 11 and 12, and between the 
12th thoracic and 1st lumbar vertebrae. 
They link adjacent spinous processes. 
On either side there are 6 interspinales 
cervicis (1), 4 interspinales thoracis (2) and 
5 interspinales lumborum (3). 

Nerve supply: Dorsal rami (C1—Th3 and 
Th11-L5). 


The intertransversarii lie lateral to the 
interspinales. The 6 posterior intertrans- 
versarii cervicis (4) connect the adjacent 
posterior tubercles of the transverse 
processes of cervical vertebrae 2-7. 
Nerve supply: Dorsal rami (C1—C6). 


The 4 medial intertransversarii lumborum (5) 
connect the mamillary and accessory 
processes of adjacent lumbar vertebrae. 
Nerve supply: Dorsal rami (L1—L4). 


The spinalis is divided into the spinalis 
thoracis, cervicis and capitis. The latter 
is only occasionally present. The fibers 
of the spinalis thoracis (6) arise from the 
spinous processes of the 3rd lumbar 
through 10th thoracic vertebrae. They 
are inserted on the spinous processes 
of thoracic vertebrae 8—2 whereby the 
innermost fibers, (from the 10th—8th 
thoracic vertebrae) are the shortest. The 
fibers of the spinalis cervicis (7) arise from 
the spinous processes of the 2nd 
thoracic through 6th cervical vertebrae 
and insert on the spinous processes of 
the 4th—2nd cervical vertebrae. 

Nerve supply: Dorsal rami (C2—Th10). 


Oblique Muscles 


The rotatores breves (8) and longi (9) 
thoracis (cervicis, lumborum) are most 
prominent in the thoracic region. Each 
arises from a transverse process and 


runs to the next, or next but one highest 
spinous process where itis inserted into 
the base. 

Nerve supply: Dorsal rami (Th1—Th11). 


The multifidus (10) consists of anumber 
of small fasciculi which extend from the 
sacrum to the 2nd cervical vertebra. It is 
best developed in the lumbar region. 
The individual fascicles arise from the 
superficial aponeurosis of the longis- 
simus muscle, the dorsal surface of the 
sacrum, the mamillary processes of the 
lumbar vertebrae, the transverse pro- 
cesses of the thoracic vertebrae and the 
articular processes of 7th—4th cervical 
vertebrae. The muscle bundles cross 
2-4 vertebrae and are inserted in the 
spinous processes of the appropriate 
higher vertebrae. 

Nerve supply: Dorsal rami (C3—S$4). 


The semispinalis, which overlies the 


multifidus laterally, is divided into 
thoracic, cervical and cephalic 
(‘capitis’) parts. Individual muscle 


bundles cross five or more vertebrae. 
The fibers of the semispinalis thoracis 
and cervicis (11) arise from the trans- 
verse processes of all thoracic verte- 
brae. They are inserted in the spinous 
processes of the upper 6 thoracic and 
lower 4 cervical vertebrae. The semi- 
spinalis capitis (12), which is one of the 
strongest of the muscles of the neck, 
arises from the transverse processes of 
the upper 4—7 thoracic vertebrae and 
the articular processes of the 5 lower 
cervical vertebrae. It is inserted be- 
tween the superior and inferior nuchal 
lines of the skull. 

Nerve supply: Dorsal rami (Th4—Th6, 
C3-C6 and C1-C5). 


The muscles which belong to the straight 
system function as extensors when both 
sides are innervated and unilaterally lateral 
flexors when only one side is innervated. 
Muscles of the oblique system function 
when unilaterally innervated as rotators, and 
bilaterally innervated as extensors. 
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Diagram of origin, 
course and insertion of 
straight muscle system 


Erector spinae, medial tract (on left the 
oblique system is shown, multifidus 
partly removed to show rotatores) 


76 


Short Muscles of the Nape of 
the Neck (A-B) 


The paired short nape muscles, the rec- 
tus capitis posterior minor and major, 
the obliquus capitis superior and in- 
ferior, are part of the intrinsic muscles 
of the back, and, except for the inferior 
obliquus capitis, they, too, belong to the 
straight system of the medial tract. Both 
recti originate from interspinal muscles 
and the obliquus capitis superior from 
an intertransverse muscle. 


Two other short neck muscles, the rec- 
tus capitis lateralis and the rectus 
capitis anterior, do not belong to the in- 
trinsic muscles of the back. The former 
is one of the muscles that have migrated 
from the ventrolateral body wall: it is 
described on page 78. The anterior 
rectus capitis, a prevertebral muscle, is 
described on page 80. 


The rectus capitis posterior minor (1) 
arises from the posterior tubercle of the 
atlas and is inserted into the midline 
region of the inferior nuchal line. 


The rectus capitis posterior major (2) 
arises from the spinous process of the 
2nd cervical vertebra and is inserted 
into the inferior nuchal line lateral to the 
rectus capitis posterior minor. 


The obliquus capitis superior (3) origi- 
nates from the transverse process of the 
atlas. It is inserted on the occipital bone 
somewhat above and lateral to the rec- 
tus capitis posterior major. 


The obliquus capitis inferior (4) runs 
from the spinous process of the 2nd 
cervical vertebra to the transverse pro- 
cess of the atlas. 


All the short nape muscles act on the 
head joints. Bilateral contraction 
causes the straight and oblique mus- 
cles to bend the head backward and 
unilateral contraction of the obliquus 
capitis superior turns the head side- 
ways. Lateral rotation of the head is 
caused by synergistic contraction of the 


Intrinsic Muscles of the Back (Continued) 


rectus capitis posterior major and obli- 
quus capitis inferior. 
Nerve supply: Suboccipital nerve (C1). 


Practical Points 


The rectus capitis posterior major and the 
obliquus capitis superior and inferior form 
the suboccipital triangle (trigonum a. verte- 
bralis). Here the vertebral artery (see p. 332) 
can be located, lying on the posterior arch 
of the atlas. Between the artery and the 
posterior arch of the atlas lies the 1st cervi- 
cal nerve, whose dorsal ramus, the sub- 
occipital nerve, (see p. 332 and Vol. 3) inner- 
vates these muscles. 
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Thoracolumbar Fascia (A-B) 


The thoracolumbar fascia (1) com- 
pletes the osteofibrous canal formed by 
the vertebral column and the dorsal sur- 
faces of the ribs. /t invests all intrinsic 
muscles of the back (2) and consists of 
two layers. The superficial layer (3) is 
firmly bound to the tendon of the erec- 
tor spinae in the sacral region. 
Ascending in the body it becomes 
somewhat thinner and serves as an ori- 
gin for the latissimus dorsi (4) and pos- 
terior inferior serratus (5). In the cervical 
region, where it has become very thin, 
it separates the splenius capitis and 
splenius cervicis from the trapezius (6) 
and becomes the nuchal fascia (7). 


The deep layer (8) arises from the costal 
processes (9) of the lumbar vertebrae 
and separates the intrinsic back mus- 
cles (2) from those of the ventrolateral 
body wall. 


The internal abdominal oblique (10) and 
the transversus abdominis (11) arise 
from the deep layer which extends as far 
as the ilac crest. 


The nuchal fascia (7) continues laterally 
forward into the superficial cervical fas- 
cia (see p. 316). The nuchal ligament 
lies in the midline of the nuchal fascia. 


Migrant Ventrolateral Muscles 
(A-B) 


The muscles described are innervated 
by the ventral rami ofthe spinal nerves, 
and in the course of development have 
migrated into the dorsal body wall. 


The rectus capitis lateralis runs from 
the transverse process of the atlas to 
the jugular process of the occipital 
bone and corresponds developmentally 
to an anterior intertransverse muscle. 
Its action produces lateral head flexion. 
Nerve supply: C1. 


The anterior intertransversarii cervicis 
are six small bundles running between 
the ventral protuberances on the trans- 


verse processes of the cervical verte- 
brae. 
Nerve supply: C2-C6. 


The lateral intertransversarii lumbo- 
rum consist of five to six muscle 
bundles between the costal processes 
of the lumbar vertebrae. 

Nerve supply: L1—L4. 


The levatores costarum arise from the 
transverse processes of the 7th cervi- 
cal vertebra and thoracic vertebrae 
1-11. They reach the costal angles 
of the next rib as the short levatores 
costarum, or the next but one rib as the 
long levatores costarum. They are in- 
volved in spinal rotation. _ 

According to Steub/ these muscles are 
innervated by the dorsal rami of the spi- 
nal nerves and so belong to the lateral 
tract of the intrinsic back muscles. 
Nerve supply: Dorsal rami of the spinal 
nerves! 


The posterior superior serratus (12) 
originates from the spinous processes 
of the last two cervical and the first two 
thoracic vertebrae and is inserted on 
ribs 2—5, which it elevates. 

Nerve supply: Intercostal nerves (Th1— 
Th4). 


The posterior inferior serratus (5) 
arises from the thoracolumbar fascia in 
the region of the 12th thoracic ver- 
tebra and lumbar vertebrae 1—3 and 
usually extends with four digitations to 
the 12th—9th ribs. \t lowers the ribs. 
Nerve supply: Intercostal nerves 
(Th9-Th12). 
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80 Prevertebral Muscles (A-B) 


The prevertebral muscles include the 
rectus capitis anterior, longus capitis 
and longus colli. 


The rectus capitis anterior (1) extends from 
the lateral mass of the atlas (2) tothe basal 
part of the occipital bone (3). It helps to flex 
the head. 

Nerve supply: Cervical plexus (C 1). 


The longus capitis (4) arises from the an- 
terior tuberles of the transverse processes 
of cervical vertebrae 3-6 (5). It runs up- 
ward and is attached to the basal part of the 
occipital bone (6). The two longi capitis 
muscles bend the head forward. Unilateral 
action of the muscle helps to tilt the head 
sideways. 

Nerve supply: Cervical plexus (C 1—C 4). 


The longus colli (7) is roughly triangular in 
shape because it consists of three groups of 
fibers. The superior oblique fibers (8) arise 
from the anterior tubercles on the trans- 
verse processes of cervical vertebrae 5—2 
(9) and are inserted on the anterior tubercle 
of the atlas (10). The inferior oblique fibers 
(11) run from the bodies of the 1st-3rd 
thoracic vertebrae (12) to the anterior tuber- 
‘cle on the transverse process of the 6th 
cervical vertebra (13). The medial fibers (14) 
extend from the bodies of the upper thorac- 
ic and lower cervical vertebrae (15) to the 
bodies of the upper cervical vertebrae (16). 
Unilateral contraction of the muscle bends 
and turns the cervical vertebral column to 
the side. Together, both longi colli muscles 
bend the cervical spine forward. 


Nerve supply: Cervical and brachial plexus 
(C 2-C 8). 


Scalene Muscles 


The scalene muscles represent the 
cranial continuation of the intercostal 
muscles. They arise from the vestigial 
ribs of the cervical vertebrae. They are 
the most important muscles for quiet 
inspiration as they lift the first two pairs 
of ribs and thus the superior part of the 
thorax. Their action is increased when 
the head is bent backward. Unilateral 
contraction tilts the cervical column to 
one side. Occasionally there is a 


scalenus minimus which arises from 
the 7th cervical vertebra and joins 
the scalenus medius. It is attached to 
the apex of the pleura. 


The scalenus anterior(17) arises from the an- 
terior tubercles of the transverse processes 
(3) of the (3rd) 4th—6th cervical vertebrae 
(18) and is inserted on the anterior scalene 
tubercle (19) of the 1st rib. 

Nerve supply: Brachial plexus (C 5—C 7). 


The scalenus medius (20) arises from the pos- 
terior tubercles of the transverse processes 
of the (1st) 2nd—7th cervical vertebrae (21). 
It is inserted into the 1st rib behind the sub- 
clavian artery groove and into the external 
intercostal membrane of the 1st intercostal 
space (22). 

Nerve supply: Cervical and brachial plexus 
(C 4-C 8). 


The scalenus posterior (23) runs from the pos- 
terior tubercles on the transverse processes 
of the Sth—7th cervical vertebrae (24) to the 
2nd (3rd) rib (25). 

Nerve supply: Brachial plexus (C 7—C 8). 


Practical Points 


Between the scalenus anterior and scalenus 
medius lies the scalene opening (26), also 
called the “posterior scalene aperture,” 
through which pass the brachial plexus (see 
p. 346 and Vol. 3) and the subclavian artery. 
Retroversion of the arm may occlude the 
subclavian artery between the rib and the 
clavicle. 


Together with the longus colli, the scalenus 
anterior forms the medial wall of the 
scalenovertebral triangle (27; see p. 352). 
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82 Muscles of the Thorax 


Intercostals (A-D) 


In addition to the scalene muscles, the 
intercostals are necessary for move- 
ments of the chest wall. These are di- 
vided into external and internal inter- 
costal, subcostal and transverse tho- 
racic muscles. 


The outermost intercostal muscles, the 
external intercostals (1), extend from 
the costal tubercle to the beginning of 
the rib cartilage and continue in every 
intercostal space into the external inter- 
costal membrane where the rib bone 
merges with the costal cartilage. These 
muscles arise from the costal crest and 
are attached to the superior margin of 
the rib. The external intercostals run 
from superoposterior to inferoanterior. 
According to their function they are 
known as inspiratory muscles (Fick). 
Recently electromyography has shown 
that the external intercostals are active 
only during forced inspiration and that 
quiet breathing depends on the action 
of the scalene muscles alone (see p. 80). 
Nerve supply: Intercostal nerves 1-11. 


The internal intercostals (2) run from 
the costal angle to the sternum in every 
intercostal space. They arise from the 
superior margin of the inner surface of 
the rib and are inserted in the region of 
the costal groove. From the costal angle 
medially toward the vertebrae, the in- 
ternal intercostals are replaced by 
ligamentous fibers, which are known as 
the internal intercostal membrane. 


In the region of the costal cartilages 
they may be referred to as intercartilagi- 
nous muscles (3). 


A portion of each inner intercostal mus- 
cle is separated off as the intercostales 
intimi. Between them and the internal 
intercostals lie the intercostal nerve 
and vessels. 


The direction of the internal intercostals 
is opposite to that of the external mus- 
cles, i.e., they run from inferoposterior 
to superoanterior. 


According to Fick they are expiratory 
muscles, i. e., they are activated only 
when the ribs are lowered. 

Nerve supply: Intercostal nerves 1-11. 


The subcostals (4), which lie in the re- 
gion of the costal angles, consist mainly 
of fibers of the internal intercostal mus- 
cles that extend over several segments. 
They have the same function as the in- 
ternal intercostals. 

Nerve supply: Intercostal nerves 4-11. 


The transversus thoracis (5) arises 
from the internal surface of the xiphoid 
process and the body of the sternum. Its 
fibers run in a laterocranial direction 
and are attached to the lower border of 
the 2nd—6th costal cartilages. It is ac- 
tive during expiration. 

Nerve supply: Intercostal nerves 2-6. 
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84 Abdominal Wall 


The abdominal wall is limited superiorly 
by the infrasternal angle and inferiorly 
by the iliac crest, the inguinal sulcus 
and the pubic sulcus. Under the 
abdominal skin lies the more or less ex- 
tensive subcutaneous fatty .tissue, 
which is separated from the muscles by 
the superficial abdominal fascia. The 
framework of the abdominal wall is pro- 
vided by the abdominal muscles. The 
superficial abdominal muscles are so 
arranged as to produce the greatest 
possible degree of effectiveness. Indi- 
vidual abdominal muscles develop from 
several myotomes and are therefore in- 
nervated by several segmental nerves. 
This makes possible regional contrac- 
tion of the ventral muscles. 


Superficial Abdominal 
Muscles 


Lateral Group: External and internal ab- 
dominal oblique muscles, transversus ab- 
dominis. 


Medial Group: Rectus abdominis and 
pyramidalis. 


Deep Abdominal Muscles: Quadratus 
lumborum and psoas major. 


Flattened ligaments, the aponeuroses 
of the lateral abdominal muscles, en- 
close the rectus abdominis to form the 
rectus sheath (see p. 88). 


Lateral Group (A-B) 


Te ge TER arises 
with slips on the outer surface of 


the 5th-12th ribs (2). Between the 
5th-(8th)9th ribs it interdigitates with 
the slips of the serratus anterior (3) and 
between the 10th—12th ribs with those 
of th 


Fundamentally, the direction of its fi- 
bers is from superolaterally and pos- 
terior toward inferomedially and 
anterior. The fibers which come from 
the three lowest ribs extend almost 
vertically down to the iliac crest and 
its labium externum (5), and the re- 


mainder run obliquely from supero- 
laterally to inferomedially, where they 
merge into a flat aponeurosis (6). The 
inferiormost part of the aponeurosis 
continues as the inguinal ligament. 
Immediately above the inguinal liga- 
ment in the medial region lies the 
superficial inguinal ring, which is 
strengthened by the medial and lateral 
crura and the intercrural fibers (see 
p. 94). The insertion of the external ab- 
dominal oblique is in the median plane, 
where the aponeuroses of both sides in- 
terdigitate, together with those of the 
other lateral abdominal muscles, in a 
fibrous raphe, the linea alba. 

Nerve supply: Intercostal nerves (Th5— 
Th12). 


Variants 


The muscle may have more or fewer slips of 
origin. Tendinous intersections may be 
present. There may also be connections with 
the nearby latissimus dorsi and serratus an- 
terior. 
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A Abdominal wall from side, external 
abdominal oblique 


B Diagram of origin, course and 
insertion of the muscles 


86 Abdominal Wall 


Lateral Group (continued) (A-B) 


The origin of tnd inteenlieteaeiminaly 
ee 1), whose. fibers ascen 


ike those of the internal intercos- 
tals, i.e., from posteroinferior to an- 
terosuperior, is on the intermediate line 
of the iliac crest (2), the deep layer of the 
thoracolumbar fascia and the anterior 
superior iliac spine (3). Some fibers may 
also arise from the inguinal ligament (4). 


The muscle has an ascending fan-like 
course. Accordingly, toward the inser- 
tions, three parts can be differentiated. 
The cranial part is inserted into the in- 
ferior border of the last three ribs (5). 


The middle part (6) continues medially 
into the aponeurosis, which is divided 
into anterior and posterior layers. These 
layers form the framework of the rectus 
sheath, the vagina m. recti abdominis 
(see p. 88), and they reunite in the linea 
alba. The anterior lamina completely 
covers the rectus abdominis, but the 
posterior lamina ends about 5 cm below 
the navel as a cranially convex line, the 
linea arcuata. As this margin is not al- 
ways sharply defined it is more correct 
to speak of an area arcuata (Lanz). 


In the male the caudal part extends on the 
spermatic cord as the cremaster muscle 
(7). 

Nerve supply: Internal abdominal ob- 
lique: intercostal nerves (Th10—Th12 
and L1). Cremaster muscle: genital 


ramus of the genitofemoral nerve 
(L1-L2). 


Variants 


Reduction or increase in the number of slips 
inserting onthe ribs as well as of tendinous 
intersections may occur. 


The transversus abdominis (A 8)arises 
by six slips from the inner surface ofthe 
cartilage ofribs 7-12 (9); its slips inter- 
digitate with those of the costal part of 
the diaphragm. /t also takes its origin 
from the deep layer of the thoracolum- 
bar fascia, the inner lip of the iliac crest 


(10), the anterior superior iliac spine 
(11) and the inguinal ligament (12). Its 
fibers run transversely to a medially 
concave line which is known as the 
“semilunar line’. The aponeurosis be- 
gins at this line. It is cranial to the linea 
or area arcuata and participates in the 
formation of the posterior layer of the 
rectus sheath. Caudal to the area ar- 
cuata (see above) the aponeurosis only 
forms the anterior layer of the rectus 
sheath. The transversus abdominis par- 
ticipates via its aponeurosis in the 
linea alba. 

Nerve supply: Intercostal 
(Th7—Th12 and L1). 


nerves 


Variants 


The transversus abdominis may fuse com- 
pletely in its lower region with the internal 
abdominal oblique, and because of this it is 
sometimes called the “complex muscle’. 
There are reports in the literature of its com- 
plete absence. 
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88 Abdominal Wall 


Medial Group (A-D) 


The Rn (1) arises by 
three slips from the outer surface ofthe 


cartilages of the 5th—7th ribs (2), from 
the xiphoid process (3), and the inter- 
vening ligaments. It descends to the 
pubic crest (see p. 173). In its course 
down to near the level ofthe umbilicus 
there are three tendinous intersections, 
sometimes there are another one or two 
below it. 

Nerve supply: Intercostal nerves (Th 5— 
Th 12). 


Variants: 


The muscle may arise from more ribs or, 


rarely, may be entirely absent. 


The rectus abdominis lies within the 
rectus sheath, the vagina of the rectus 
abdominis. This is formed by the 
aponeuroses of the three lateral ab- 
dominal muscles coming together in 
such a way that above the arcuate line 
(4) the aponeurosis of the internal ab- 
dominal oblique (5) divides into an an- 
terior (6) and aposterior lamina (7). The 
aponeurosis of the external abdominal 
oblique (8) strengthens the anterior 
lamina and that of the transversus ab- 
dominis (9) strengthens the posterior 
lamina of the sheath. In the region of the 
linea alba (10) there is partial intertwin- 
ing of the fibers (B). 


Between the individual aponeurotic fi- 
bers there is a fatty infiltrate. The linea 
alba extends as far as the symphysis 
and is expanded at the superior margin 
of the pelvis (11). Below the arcuate 
line the rectus is incomplete, since the 
aponeuroses of all the abdominal 
muscles run in front of both rectus 
muscles, and the inner side of these 
muscles is covered only by the transver- 
salis fascia (12; see p. 90) and the peri- 
toneum. In the region of the origin of the 
rectus abdominis, the rectus sheathisa 
thin fascial structure, representing a 
continuation of the pectoral fascia. 


Practical Points 


Separation of the rectus muscles and an ab- 
normal increase in the width of the lineaalba 
is of clinical importance (rectus diastasis; see 
p. 94). 

Only the anterior surface of the rectus ab- 
dominis muscle is fused to the rectus sheath 
in the region of the intersecting tendons. 
Therefore abscesses or collections of pus 
can only form between two intersections on 
the anterior surface, while on the posterior 
surface they may extend along the entire 
rectus muscle. 


The small, triangular pyramidalis (13) 
arises from the pubis, radiates into the 
linea alba and lies within the 
aponeurosis of the three lateral 
abdominal muscles. Itissupposed to be 
absent in 16-25% of cases. 


Careful examination reveals that the 
pyramidalis is present in most cases, al- 


. though variable in its development. We 


have found it in 90% of cases, so that in 
only 10% of cases no muscle fibers 
were seen. The sole function of the 
pyramidalis is to tense the linea alba. 
Nerve supply: Th 12 and L 1. 
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90 Abdominal Wall 


Fasciae of Abdominal Wall 
(A-B) 


The abdominal wall can be divided into 
the skin, subcutaneous fatty tissue with 
connective tissue lamellae, superficial 
abdominal fascia muscles and their 
fasciae, transversalis fascia and the 
peritoneum. 


The connective tissue lamellae that 
traverse the subcutaneous fatty tissue 
are arranged in flat layers in the inferior 
region of the abdominal wall, the ingui- 
nal region. In medical practice this has 
led to them being referred to as sepa- 
rate fasciae, one of which is called the 
subcutaneous fascia (1) or ‘Camper's 
fascia’. This is of importance for the 
surgeon as between it (and it may ex- 
tend to the upper thigh) and the true 
superficial abdominal fascia lie the 
larger, subcutaneous vessels. A part of 
the connective tissue lamella, which ex- 
tends in the direction of the genital or- 
gan is called the suspensory ligament of 
the penis (2) or of the clitoris. 


The superficial abdominal fascia (3) is 
a thin layer, strengthened only in the re- 
gion of the linea alba (see p. 94), which 
covers the entire muscles of the ante- 
rior wall and their aponeuroses. The 
medial part of the fascia continues into 
the fundiform ligament of the penis (4) or 
the clitoris which contains many elastic 
fibers. This ligament divides into two 
crura to surround the corpus caverno- 
sum of the penis. 


In the region of he superficial inguinal 
ring the fascia fuses with the extension 
of the aponeurosis of the external ab- 
dominal oblique to form the external 
spermatic fascia (5), which provides the 
outer covering of the spermatic cord. 
With the aponeurosis of the external ab- 
dominal oblique it is more firmly bound 
also in the region of the inguinal liga- 
ment and then continues in the fascia of 
the thigh (6). 


The inner, loose abdominal wall fascia, 
the transversalis fascia (7), covers the 
inner surface of the abdominal muscles. 
It is taut in the umbilical region, where it 
may be called the umbilical fascia (8). 
Inferiorly the transversalis fascia fuses 
with the inguinal ligament (9) to form 
the posterior wall of the inguinal canal 
(see p. 94). It extends from the inguinal 
ligament into the iliac fascia, which cov- 
ers the iliac muscle (10). Superiorly it 
covers the inferior surface of the dia- 
phragm and posteriorly the quadratus 
lumborum and psoas major. 


In the region of the inguinal canal the 
transversalis fascia, strengthened by 
aponeurotic fibers of the transversus 
abdominis, thickens to form the inter- 
foveolar ligament (11), (See p. 96). At- 
tached medially to the rectus abdominis 
(12) the transversalis fascia and the 
transversus abdominis extend as a 
band, known as the inguinal falx (13), 
which is connected to the inguinal lig- 
ament. 


Lateral to the interfoveolar ligament the 
transversalis fascia evaginates at the 
deep inguinal ring (14) to form the inter- 
nal spermatic fascia. Below the inguinal 
ligament lies the femoral canal (15). 


16 Cord of the umbilical artery 
17 Urachal cord. 
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Deep Abdominal Muscles 
(A-B) 


The psoas major (1) is subdivided into a 
superficial and a deep part. The superficial 
part arises from the lateral surfaces of 
the 12th thoracic and the 1st—4th lum- 
bar vertebrae (2) as well as their inter- 
vertebral disks. The deep part arises 
from the costal processes of the 
1st—5th lumbar vertebrae (3). The 
psoas major joins the iliacus and, sur- 
rounded by the iliac fascia, extends as 
the iliopsoas (4) through the lacuna 
musculorum to the trochanter minor 
(5). The lumbar plexus runs between the 
two layers of the psoas major (see also 
p. 222). 

Nerve supply: Direct branches from the 
lumbar plexus and the femoral nerve 
(L1-L3). 


The psoas major extends over several 
joints and is capable of considerable 
elevation of the leg. The iliacus muscle 
(see p. 222), with which it joins to form 
the iliopsoas muscle, is a powerful 
flexor and thus supplements the action 
of the psoas major. In the recumbent 
position both psoas muscles help to lift 
the upper or lower half of the body. In 
addition, the psoas major can give 
slight assistance in lateral flexion of the 
vertebral column. 


Sometimes a psoas minor is found, split 
off from the psoas major, which enters 
into the iliac fascia and inserts on the 
iliopubic eminence. \t acts as atensor of 
the fascia. 

Nerve supply: Direct branch from the 
lumbar plexus (L1—L9). 


Practical Points 


The fascia surrounds the psoas major as a 
tube, stretching from the medial |umbocos- 
talarch to the thigh. Thus, any inflammatory 
processes in the thoracic region can extend 
within the fascial tube to appear as wander- 
ing abscesses as far down as the thigh. 


The quadratus lumborum (6) extends to 
the 12th rib (7) and to the costal proces- 


ses of the 1st—3rd (4th) lumbar verte- 
brae (8)./t arises from the inner lip of the 
iliac crest (9). This muscle consists of 
two incompletely separated layers. 


The ventral layer reaches to the 12th rib 
and the dorsal layer is attached to the 
costal processes. The quadratus lum- 
borum muscle lowers the 12th rib and 
aids lateral flexion of the body. 
Nerve supply: Th12 and L1—L3. 
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94 Abdominal Wall 


Sites of Weakness in the 
Abdominal Wall (A—D) 


Sites of weakness in the muscu- 
loaponeurotic abdominal wall are the 
sites at which hernias tend to develop. A 
hernia is the escape of abdominal con- 
tents from the original body cavity. 
These contents lie in a hernial sac, a 
secondary protrusion of the peritoneum 
which comes through the hernial orifice 
in the abdominal wall. Sites of weakness 
in the abdominal wall are: the /inea alba, 
umbilicus, inguinal region, femoral 
canal, lumbar triangle and surgical 
scars. 


Linea alba: The linea alba (1) is formed 
by interlacing of the aponeuroses of the 
lateral abdominal muscles and is a ten- 
dinous raphe lying between the rectus 
sheaths. Above the umbilicus (2) it is 
1-2 cm wide, while below it the recti 
muscles (3) lie closer to each other and 
the linea alba is narrower. Under 
pathological conditions when there is a 
fat pendulous abdomen, or during 
pregnancy, the two recti may separate, 
producing rectus diastasis (A). A rela- 
tively small epigastric hernia (4) may 
develop in the linea alba. It develops 
from an enlargement of a small hole 
within the linea alba. An epigastric 
hernia may expand into a ventral ab- 
dominal wall hernia. 


Umbilicus (2): It is produced by fusion 
of the structures that originally pro- 
truded from the umbilicus with the ad- 
jacent tissues, and is reinforced by con- 
nective tissue. If the umbilical ring is 
stretched, as during pregnancy, an um- 
bilical hernia (5) may occur. 


Scars: Incisional hernias (6) may develop 
at the site of surgical scars. 


Inguinal Canal: The inguinal canal is 
produced by apposition of the lateral 
abdominal wall muscles and it extends 
obliquely through the abdominal wall. 
The anterior wall of the canal is formed by 
the aponeurosis of the external abdo- 


minal oblique (7) and the floor by the in- 
guinal ligament. The posterior wall con- 
sists of the transversalis fascia, while 
the roof is formed by the caudal margin 
of the transversus abdominis. The deep 
inguinal ring (see p. 96) is the internal 
opening and the superficial inguinal ring 
(8) is a slit-like Opening in the apo- 
neurosis of the external abdominal ob- 
lique. The superficial inguinal ring (8) is 
only visible after dissecting off the ex- 
ternal spermatic fascia (9) away from 
the external abdominal oblique. It is 
bounded by concentrated fiber bundles 
of the aponeurosis, the medial crus (10), 
the /ateral crus (11) and the intercrural 
fibers (12). Posteriorly, the superficial 
inguinal ring is reinforced by the re- 
flected inguinal ligament (13) which 
represents a division of the inguinal 
ligament. 


In the male, the spermatic cord, whichis 
enclosed by the cremasteric fascia and 
cremaster muscle (14), runs through the 
inguinal canal. In the female, the round 
ligament of the uterus and lymphatics 
run through the inguinal canal (see 
Vol. 2, p. 288). 
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96 Abdominal Wall (A-C) 


Inguinal Canal (continued, 
A-B). 


Inguinal Canal (continued, A-B). After 
splitting the aponeurosis (1), of the 
external abdominal oblique, the inter- 
nal abdominal oblique (2) becomes vis- 
ible. Some of its fibers continue along 
the spermatic cord as the cremaster 
muscle (3). Other fibers (4) of the cre- 
master arise from the inguinal ligament. 
Since the development of the muscle 
fibers is quite variable, this entire mid- 
dle sheath of the spermatic cord is de- 
signated as the fascia cremasterica cum 
m. cremastere (5). Only after the internal 
abdominal oblique (2) and the cremas- 
teric fascia (5) have been incised, will 
the transversus abdominis (6), which 
forms the roof of the inguinal canal, be- 
come visible. The deep inguinal ring (7) 
develops from an evagination of the 
transversalis fascia (8), which is con- 
tinued as the internal spermatic fascia, 
the innermost covering of the spermatic 
cord. Medial to the deep inguinal ring, 
the transversalis fascia is strengthened 
by the interfoveolar ligament (10). 


Abdominal Wall from Inside 
(C) 


Both openings of the inguinal canal, the 
deep and superficial inguinal rings, re- 
present sites of weakness in the abdom- 
inal wall. By examination of the abdom- 
inal wall from the inside (C), where the 
innermost layer, the peritoneum, is pre- 
served, we see that it is depressed in two 
places, described as the lateral inguinal 
fossa (11), corresponding to the deep 
inguinal ring that lies beneath it, and the 
medial inguinal fossa (12), corresponding 
to the superficial inguinal ring. Between 
these two depressions a thickened area 
develops in the transversalis fascia, 
the interfoveolar ligament (10), which 
may sometimes contain muscle fibers 
(interfoveolar muscle), and in this 
region the inferior epigastric artery and 
vein (13) are found. 


In addition to the lateral and medial in- 
guinal fossae, we find the supravesical 
fossa (14) which is medial to the latter 
and separated from it only by the cord 
ofthe umbilical artery (15). Hernias may 
develop at any of these three sites (see 
p. 98). 


16 Reflected inguinal ligament, 
17 External spermatic fascia, 

18 Cut margin of the peritoneum, 
19 Femoral canal (see p. 98). 
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98 Abdominal Wall (A-B) 
Hernias in the Inguinal Region: The 
lateral, medial inguinal and supravesic- 
ular fossae are regions of minimal re- 
sistance. Under certain circumstances 
they become stretched, bulge out and 
inguinal hernias may occur. Two types of 
inguinal hernias are distinguished — di- 
rect and indirect—and both traverse the 
superficial inguinal ring. The direct in- 
guinal hernia (1) has its hernial orifice in 
the medial inguinal fossa. An indirect in- 
guinal hernia (2) passes through the in- 
guinal canal. It uses as points of exit the 
lateral inguinal fossa and the deep in- 
guinal ring. Another type of hernia, the 
supravesical hernia (3), eaves the abdo- 
men through the supravesical fossa; its 
hernial orifice, therefore, lies medial to 
the obliterated umbilical artery (4). The 
point of passage of this hernia through 
the abdominal wall is also the superfi- 
cial inguinal ring. The direct inguinal 
hernia and the supravesical hernia are 
difficult to distinguish from the outside. 
They are always acquired hernias, while 
indirect inguinal hernias may be ac- 
quired or congenital. During the descent 
of the testis in males, the processus 
vaginalis, an evagination of the serosa, 
is carried along into the scrotum. It later 
becomes obliterated and loses all pre- 
vious connection with the peritoneal 
cavity, so that only a closed serous sac, 
the cavum serosum scroti, remains. In 
some cases, however, a connection 
persists and there may be then a con- 
genital inguinal hernia with a patent 
processus vaginalis. 


Femoral Canal: The femoral canal (5) 
represents an additional possible site 
for herniation. The femoral canal lies 
below to the inguinal ligament (6), with- 
in the vascular compartment (7), the 
medial femoral aperture. Laterally this 
is separated from the muscular com- 
partment (8) by the iliopectineal arch 
(9). In the medial part of the vascular 
compartment, medial to the large femo- 
ral vessels, lies the femoral canal (5). It 
is bordered medially by the lacunar liga- 
ment (10), which merges with the dorsal 


border of the pectineal ligament (i. e., 
Cooper's ligament) across a liga- 
mentous arch, the processus falcifor- 
mis lacunaris. The canal is occupied 
by loose connective tissues, the femoral 
septum (11). 


The lymphatics pass through this 
femoral canal. It also contains the 
lymph node of Cloquet. In cases of ex- 
cessive intra-abdominal pressure com- 
bined with weak connective tissue, a 
femoral hernia may result. A femoral 
hernia can be differentiated from an in- 
guinal hernia by its position in relation 
to the inguinal ligament and to the 
scrotum or the labium majus. Only an 
inguinal hernia can reach the scrotum 
or labia majora, while a femoral hernia 
appears in the thigh. 


12 Femoral vein, 
13 Femoral artery, 
14 Femoral nerve, 
15 lliopsoas. 
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100 Diaphragm 

The diaphragm separates the thoracic 
and abdominal cavities. It consists of a 
central tendon (1) and a muscular por- 
tion, which can be divided into sternal 
(2), costal (3) and lumbar (4) parts. 


The sternal part, which arises from the 
inner surface of the xiphoid process (5), 
consists of muscle that is rather lighter 
in color than the rest and which radiates 
into the central tendon. 


The costal part arises from the inner 
surfaces of the cartilage of ribs 7—12 by 
means of individual slips which alter- 
nate with the slips of origin of the trans- 
versus abdominis. 


The lumbar part (4) has a medial anda 
lateral crus and occasionally an inter- 
mediate crus splits off from the medial 
crus. The right medial crus (6) arises from 
the bodies of lumbar vertebrae 1-4, 
and the left medial crus (7) from the 
bodies of lumbar vertebrae 1-3. The 
lateral crus (8) originates from two 
arches, formed by the medial arcuate |i- 
gament (9); Psoas arcade or medial 
lumbocostal arch), and the /ateral ar- 
cuate ligament (10; quadratus arcade 
or lateral lumbocostal arch). 


The psoas arcade extends from the lat- 
eral surface of 1st (2nd) lumbar ver- 
tebral bodies to the costal process (11) 
of the 1st Jumbar vertebra. 


The lateral arcuate ligament extends 
from this process to the 12th rib. Below 
these tendinous arches the psoas major 
(12) and quadratus lumborum (13) are 
visible. 


There are gaps between the lumbar, 
costal and sternal parts of the dia- 
phragm which are points of minimal re- 
sistance. Between the lumbar and cos- 
tal components lies the lumbocostal or 
vertebrocostal trigone (14), and be- 
tween the sternal and costal parts is the 
sternocostal trigone (15) or hiatus. 


The double-domed diaphragm, which is 
slightly depressed in the middle by the 
heart, is pierced by openings for the 


passage of various structures. Between 
the medial crura lies the aortic hiatus 
(16), which is limited by tendons (me- 
dian arcuate ligament). Through it pas- 
ses the aorta and posteriorly to it the 
thoracic duct. The right medial crus (6) 
consists in reality of three muscle bun- 
dles, of which that arising from the lum- 
bar vertebrae is the largest and it 
reaches the central tendon directly (1). 
A 2nd bundle (17) arises from the me- 
dian arcuate ligament (18), the tendi- 
nous border of the aortic hiatus (16), 
and forms the right border of the eso- 
phageal hiatus (19). The 3rd bundle 
(20) also arises from the median ar- 
cuate ligament, but dorsally, and forms 
the left border of the esophageal open- 
ing as the“hiatus sling’. Only in excep- 
tional cases does the left medial crus (7) 
participate in the formation of the bor- 
der of the esophageal opening. The 
esophageal hiatus is bordered by mus- 
cle, and throughit pass the esophagus 
and the anterior and posterior vagal 
trunks. The foramen for the vena cava 
(21) lies in the central tendon, and 
through it pass the inferior vena cava 
and a branch of the right phrenic nerve. 
The greater and lesser splanchnic 
nerves, on the right the azygos vein and 
on the left the hemiazygos vein, pass 
through unnamed openings in the me- 
dial crus, or between it and the inter- 
mediate crus if present. The sympathe- 
tic trunk runs between the intermediate 
and lateral crura. The superior epigas- 
tric artery runs through the sternocostal 
trigone. 

Nerve supply: Phrenic nerves ([C3], C4 
[C5)). 
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102 Diaphragm 
Position and Function of the 
Diaphragm (A) 


In life the position and shape of the 
diaphragm depend on the phases of re- 
spiration, the position of the body and 
the degree of distension of the viscera. 


As the principal respiratory muscle, the 
shape of the diaphragm changes 
greatly during the various phases of re- 
spiration. /n the upright position during 
maximal expiration (blue), both domes 
of the diaphragm are projected upon 
the anterior thoracic wall, on the right at 
the level of the 4th rib and on the left at 
the Sth intercostal space. During maxi- 
mal inspiration (red) the diaphragm de- 
scends by one to two _ intercostal 
spaces. The sternal part and its origin 
act as a fixed point. During expiration 
the muscle fibers rise and during maxi- 
mal inspiration they descend toward 
the center of the tendon. 


The costodiaphragmatic recess between 
the upper surface ofthe diaphragm and 
the ribs is flattened during maximal in- 
spiration. 


In the recumbent position convolutions 
of the abdominal viscera push the dia- 
phragm upward and backward. 


Practical Points 


Dyspneic patients prefer to sit and so relieve 
the thorax of the pressure of the abdominal 
contents. 


Sites of Diaphragmatic Hernias 
(B) 


Diaphragmatic hernias occur when the 
contents of the abdominal cavity enter 
the thorax. They may be congenital or 
acquired. True diaphragmatic defects 
(blue) must be distinguished from en- 
largement of pre-existing weak spots 
(red), such as the esophageal hiatus (1), 
the trigona lumbocostale (2) and 
sternocostale (3). True diaphragmatic 
hernias usually occur in the central ten- 


don (4) or the costal part (5). The major- 
ity of diaphragmatic hernias are pro- 
lapses, as they lack a hernial sac. They 
are known as false diaphragmatic her- 
nias. True hernias with a sac are un- 
common and occur only as para- 
esophageal hernias. 


The commonest congenital hernia is 
due to enlargement of the vertebro- 
costal trigone (2). Another type of the 
congenital hernia is paraesophageal in 
position and always occurs on the right 
side of the esophagus. It is a type of 
hiatus hernia, which, however, in the 
great majority of cases is an acquired 
sliding hernia. Sliding hernias have no 
hernial sac and develop through en- 
largement of the esophageal hiatus (1). 
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104 Pelvic Floor (A-B) 
The pelvic floor is the closure of the 
trunk inferiorly and posteriorly. It is 
formed by the pelvic diaphragm and the 
urogenital diaphragm. — 


Pelvic Diaphragm 


This consists of the levator ani and 
coccygeus muscles. 

The levator ani (1) arises from the pubic 
bone (2), the tendinous arch of the 
levator ani muscle (3) and the ischial 
spine (4). Its fibers are divisible into the 
puborectalis muscle (5), with its prerectal 
(or anterior) fibers, the pubococcygeal 
and the iliococcygeal muscles (7). The 
medial fibers of the puborectalis form 
the so-called crura of the levator, be- 
tween which is enclosed the genital 
hiatus. Some of the fibers of the pubo- 
rectalis end pararectally in the sphinc- 
ter ani externus muscle (8), some run 
on to form a retrorectal sling behind 
the rectum. The prerectal fibers extend 
into the perineum and thereby separate 
the urogenital tract from the anal tract. 
The genital hiatus is limited laterally by 
the levator crura and posteriorly by 
these prerectal fibers. Through the gen- 
ital hiatus pass the urethra and the 
genital canal (vagina), while behind 
the prerectal fibers only the rectum 
(anal canal) passes. The fibers of the 
pubococcygeal muscle laterally extend 
onto the anococcygeal ligament (9) and 
insert on this or directly onto the coccyx 
(10). 


The genital hiatus is narrower in the 
male and broader in the female. Due to 
the width of the aperture of the genital 
hiatus a 2nd closure mechanism — the 
urogenital diaphragm — is essential. 


The coccygeal muscle (11) arises by 
means of a tendon from the ischial 
spire and ends on the coccyx. |It may be 
absent. 


Function 


The levator ani is concerned with intra-ab- 
dominal pressure. It bears the weight of the 


pelvic contents and thus has a supporting 
function. In its dynamic function it partici- 
pates in closure of the rectum. 


Urogenital Diaphragm (12) 


This consists mainly of the deep trans- 
versus perinei. The posterior part of the 
diaphragm is reinforced by the superfi- 
cial transversus perinei (13). This 
arises from the ischial tuberosity (14) 
and radiates into the perineal body. An- 
teriorly the urogenital diaphragm is 
completed by the transverse perineal 
ligament (15). 


Both the urogenital and the pelvic dia- 
phragms are covered on their superior 
and inferior surfaces by connective tis- 
sue fascias. These fascias are: superior 
and inferior fascias of pelvic diaphragm 
and superior and inferior fascias of uro- 
genital diaphragm. The ischiorectal 
fossa, which is open posteriorly, lies 
between the pelvic diaphragm and the 
urogenital diaphragm. 

Nerve supply: The pelvic diaphragm is 
usually supplied by a long branch from 
the sacral plexus and the urogenital 
diaphragm by branches from the pu- 
dendal nerve. 


Practical Points 


In women, overstretching of the pelvic dia- 
phragm may cause prolapse of the internal 
reproductive organs. This is particularly li- 
able to occur after childbirth. It must always 
be borne inmind that the levator ani muscle 
may be torn during parturition, with conse- 
quent damage to the pelvic diaphragm. 
Further details of the pelvic floor are given in 
Vol. 2, pp. 292-296. 
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In the upper limb we distinguish the 
shoulder girdle and the free extremity. The 
shoulder girdle is formed by the 
scapulae and the clavicles. 


Scapula (A-E) 


The shoulder blade or scapula (A-E) is 
a flat, triangular bone. It has a medial 
margin (1), a lateral margin (2) and a 
superior margin (3), which are sepa- 
rated from each other by thesuperior (4) 
and inferior (5) angles and the truncate 
lateral angle (6). The anterior or costal 
surface is flat and slightly concave 
(subscapular fossa). It sometimes 
shows clear lines of muscle attach- 
ments. The dorsal surface is divided by 
the spine of the scapula (7) into a smal- 
ler supraspinous fossa (8) and a larger 
infraspinous fossa (9). The spine of the 
scapula has a triangular base medially, 
which rises laterally to terminate in a 
flattened process, the acromion (10). 
Near the lateral end lies an oval articular 
facet (11) for articulation with the clavi- 
cle. 


The acromial angle (12) is a readily 
palpable bony point, which marks the 
place where the lateral acromial margin 
continues into the spine of the scapula. 
The lateral angle bears the glenoid cav- 
ity (13). At its upper border is a small 
projection, the supraglenoid tubercle 
(14). Below the glenoid cavity lies the 
infraglenoid tubercle (15). The neck of 
the scapula (16) is adjacent to the glen- 
oid cavity. 

Thecoracoid process (17) lies above the 
glenoid cavity. It is bent at a right angle 
lateroventrally and its tip is flattened. 
Together with the acromion it protects 
the joint which lies beneath it. Medial to 
the base of the coracoid process, on the 
upper margin of the scapula, lies the 
scapular notch (18). 


Variants 


The scapular notch may be transformed into 
a scapular foramen (19). The medial margin 
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of the scapula is sometimes concave and the 
scapula is then called a scaphoid scapula. 
The scapula lies on the thorax with the base 
of its spine at the level of the 3rd thoracic 
vertebra. The inferior angle of the scapula 
should lie between ribs 7—8 and, when the 
arm hangs down, its medial margin should 
be parallel to the row of spinous processes. 
The scapular plane is the plane in which the 
scapular plate lies. It forms an angle of 60° 
with the plane of symmetry (median sagittal). 
The glenoid cavity faces laterally and an- 
teriorly. 


Ossification 


The scapula develops (E) from several ossi- 
fication centers. In the 3rd intrauterine 
month a large bony center develops in the 
region of the supra- and infraspinous fossae 
and the spine of the scapula. In the 1st year 
of life a center develops in the coracoid pro- 
cess, and between the ages of 11 and 18 
smaller centers appear throughout the 
scapula. All the centers fuse with each 
other, starting at the age of 16 and finishing 
at about the age of 22. 


Ligaments of the Scapula 


The coracoacromial ligament crosses the 
shoulder joint and extends between the 
coracoid process and the acromion. 
The superior transverse scapular ligament 
bridges the scapular notch. (Only in 
rare cases is there an inferior trans- 
verse ligament of the scapula, which 
extends from the margin of the spine 
of the scapula to the glenoid cavity.) 


? 
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E Ossification of scapula 
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Clavicle (A,B, F) 


The collar bone or clavicle is an S- 
shaped bone, anteriorly convex in the 
medial two thirds of its length, while the 
lateral third is concave anteriorly. To- 
ward the sternum is the stout sternal end 
(1) and toward the scapula the flat 
acromial end (2). At the sternal end we 
find a triangular sternal articular facet 
(3). The acromial articular facet (4) is 
almost oval. Near the sternal end, on 
the lower surface of the clavicle, is the 
impression for the costoclavicular liga- 
ment (5). The prominent conoid tu- 
bercle (6) lies near the acromial end 
close to the trapezoid line (7). 


Ossification 


The clavicle develops in connective tissue, 
and ossification begins in the 6th intrauter- 
ine week. The ends are preformed in carti- 
lage but an ossification center does not 
appear in the sternal end until 16—20 years 
of age. It synostoses with the rest of the 
clavicle between the ages of 21 and 24 years. 


Practical Points 

Cleidocranial dysostosis is a malformation due 
to maldevelopment or non-development of 
the connective tissue part of the clavicle. It is 
associated with defects of those bones of 
the skull that are preformed in connective 
tissue. 


Joints of the Shoulder Girdle 
(C—E) 

Connections with the trunk are made 
through a continuous fibrous (cos- 
toclavicular) ligament (8) and discon- 
tinuous synovial joints (sternoclavicu- 
lar articulation). In the same way the 
parts of the shoulder girdle are con- 
nected to each other by continuous 
fibrous (coracoclavicular ligament) and 
discontinuous synovial joints (acromio- 
clavicular articulation). 


Sternoclavicular Joint (C) 


This is a complicated joint with an ar- 
ticular disk (9) which divides the space 
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of joint cavity in two. The socket is a 
shallow concave indentation in the 
sternum, and the head is formed by the 
sternal end of the clavicle. The incon- 
gruity is adjusted by the cartilage-like 
fibrous tissue, which covers both ar- 
ticular facets, and by the disk, which is 
fixed cranially to the clavicle and cau- 
dally to the sternum. The capsule is’ 
slack and thick and is strengthened by 
the anterior (10) and posterior sterno- 
clavicular ligaments. The clavicles are 
interconnected by the interclavicular 
ligament (11). The sternoclavicular loint 
functions as a ball-and-socket type and 
has three degrees of freedom. 


The costoclavicular ligament (8) ex- 
tends between the 1st rib and the clavi- 
cle. 


Acromioclavicular Joint (D, E) 


This consists of two apposing, almost 
flat joint surfaces covered by cartilage- 
like fibrous tissue (12). The capsule has 
astrengthening ligament on its superior 
surface, theacromioclavicular ligament 
(13). 


The coracoclavicular ligament extends 
between the coracoid process and the 
clavicle. It can be divided into anterolat- 
eral and posteromedial parts. The lat- 
eral part, the trapezoid ligament (14), 
arises from the upper medial margin of 
the coracoid process and extends to the 
trapezoid line. The medial part, the co- 
noid ligament (15), arises from the base 
of the coracoid process and has a fan- 
like termination on the conoid tubercle. 


Practical Points 


Marked posterior and inferior displacement 
of the clavicle may compress the subclavian 
artery, as can be detected by a weakening of 
the radial pulse. 


16 Superior transverse scapular liga- 
ment, 


17 Coracoacromial ligament. 
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The bones of the free upper limb are the 
humerus, the radius and ulna, the car- 
pal and metacarpal bones and the 
phalanges. 3 


Humerus (A-H) 


The humerus (A-H) is a long tubular 
bone which articulates with the scapula 
and the radius and ulna. It consists of 
the body and upper (proximal) and lower 
(distal) ends. The proximal end is 
formed by the head of the humerus 
(1), adjoining the anatomic neck (2). On 
the anterolateral surface of the proxi- 
mal end lies the greater tubercle (3), and 
medially is the /esser tubercle (4). Be- 
tween these tubercles begins the inter- 
tubercular sulcus (5) which is bounded 
distally by the crests of the lesser (6) and 
greater (7) tubercles. The surgical neck 
(8) lies proximally on the body of the 
humerus. In the middle of the body lies 
laterally the deltoid tuberosity (9). The 
body may be divided into an anterome- 
dial surface (10) with a medial border 
(11), and an anterolateral surface (12) 
with a /ateral border (13), which be- 
comes sharpened distally. The sulcus 
for the radial nerve (14) lies on the pos- 
terior surface of the body. The distal 
end of the humerus bears on its medial 
side the large medial epicondyle (15) 
and on the lateral side the smaller 
lateral epicondyle (16). 


The trochlea (17) and the capitulum (18) 
form surfaces for articulation with the 
bones of the forearm. The radial fossa 
(19) lies proximal to the capitulum, and 
proximal to the trochlea is the some- 
what larger coronoid fossa (20). 


Medial to the trochlea (D) there is a shal- 
low groove, the sulcus for the ulnar 
nerve (21). On the posterior surface 
above the trochlea is a deep pit, the 
olecranon fossa (22). 


The humerus is twisted at its proximal 
end, i. e., the head is posteriorly rotated 
at about 20° in relation to the shaft (tor- 
sion angle). The angle between the long 
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axis of the humerus and that of the head 
averages 130°, and at the distal end, be- 
tween the transverse axis of the joint 
and the long axis of the body of the 
humerus, there is an angle of 76° to 89°. 


The proximal epiphysial line (23) runs 
transversely through the lesser tubercle 
and inferior to the greater tubercle. It 
crosses the zone of attachment of the 
capsule (see p. 113) in such a way that 
a small part of the shaft comes to lie 
within the capsule. At the distal end 
there are two epiphyses and two epiphy- 
sial lines (24). One epiphysis carries the 
medial epicondyle and the other the 
joint surfaces and the lateral epicon- 
dyle. 


Ossification 


In general, development of the ossification 
centers and fusion of the epiphyses occur 
somewhat earlier in females than in males. 
The perichondral bone anlage in the shaft 
appears in the 2nd—3rd intrauterine month. 
The endochondral ossification centers in 
the epiphyses appear between the 2nd week 
of life and the 12th year. Three centers ap- 
pear proximally soon after birth, and distally 
four ossification centers develop later. The 
distal epiphysial disks fuse during puberty 
and the proximal disks at the end of puberty. 


Variants 


Just above the medial epicondyle a su- 
pracondylar process is occasionally found 
(25), and above the trochlea there may bea 
supratrochlear foramen (26). 


Practical Points 


50% of fractures of the humerus occur in the 
shaft. There is a risk of damage to the radial 
nerve. 
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Shoulder Joint (A-G) 


The bony socket, the glenoid cavity, ofthe 
ball-and-socket shoulder joint is much 
smaller than the head of the humerus. The 
hyaline cartilage covering (1) of the 
glenoid cavity is thicker at the margins 
than in the center. The socket is en- 
larged by a fibrocartilaginous tip, the 
glenoidal lip (2). 


The socket is perpendicular to the plane of 
the scapula and the position of the scapula 
determines the attitude of the entire joint. 
The surface of the glenoid cavity has an area 
of 6 cm? to withstand an atmospheric pres- 
sure of 6 kp on the joint. The upper limb 
weighs about 4 kg. As there are no strong li- 
gaments, the shoulder joint is maintained by 
the action of the enveloping muscles. It is 
known as a “muscle-dependent joint’. 


The head of the humerus (3) is ball- 
shaped. Its hyaline cartilage covering 
begins at the anatomical neck and ex- 
tends somewhat farther distally at the 
intertubercular sulcus. The cartilage 
gives the head a more oval shape. The 
synovial membrane of the capsule is at- 
tached at the glenoidal lip. It is evagi- 
nated like asac along the long intracap- 
sularly running biceps tendon and sur- 
rounds it as a tubular sheath (4). The 
fibrous portion of the joint capsule in the 
upper arm (C) forms a connective tissue 
layer across the intertubercular sul- 
cus and converts it into an osteofibrous 
canal. The articular capsule is slack and 
when the arm hangs down it has a 
pendent pouch-like part on its medial 
surface, the axillar recess (5). The upper 
portion of the capsule is partly 
strengthened by the coracohumeral li- 
gament (6) and three weak glenohu- 
meral ligaments. The coracohumeral li- 
gament (6) arises from the base of the 
coracoid process and radiates into the 
capsule, extending to the greater and 
lesser tubercles. When the arm is hang- 
ing in its normal anatomic position, the 
upper half of the head of the humerus is 
in contact with the joint capsule and the 
lower half with the glenoid cavity. 
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The shoulder joint is associated with a 
number of synovial sacs. As a rule, it com- 
municates with the subcoracoid bursa, the 
subtendinous bursa of the subscapular 
muscle, the intertubercular synovial sac and 
the bursa of the coracobrachial muscle. 


Movements of the Shoulder Joint 


The shoulder joint has three degrees of freedom 
of movement. Abduction and adduction refer to 
movements away from the position of rest 
(D) of the head of the humerus in the scapu- 
lar plane (see p. 106). Purely lateral abduc- 
tion (E) always produces retroversion and 
slight rotation, while abduction from the 
scapular plane is anteriorly directed (frontal 
abduction). 

Flexion (anteversion) is forward lifting of the 
arm. Because of rotary components as- 
sociated with these other movements, a 
compound movement, circumduction, oc- 
curs in which the arm traces the surface of 
a cone. Abduction (E) is always associated 
with movement of the scapula; excessive as- 
sociated scapular movement occurs with 
abduction of more than 90° (F), because then 


‘the movement of the joint is restricted by the 


coracoacromial ligament (see p. 108). 


Practical Points 


Dislocation is more common in the shoulder 
than in any other joint. If associated with a 
torn capsule, it usually occurs low and in 
front. 

The palpable and visible protuberance ofthe 
shoulder joint is produced by the greater 
tubercle, the location of which indicates the 
position of the head of the humerus. The 
protuberance disappears when the shoulder 
is dislocated, as the head of the humerus is 
no longer in its socket. When palpating adis- 
located shoulder the finger enters an empty 
cavity (G) below the acromion. : 

A fracture of the (intracapsular) anatomical 
neck is uncommon and the prognosis is very 
poor. 
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In the forearm the shorter radius lies lat- 
erally and the longer ulna medially. 


Radius (A-E) 


The radius consists of a shaft (1) and 
_ proximal and distal ends. At the proximal 
end is the head of the radius (2), which 
bears the articular circumference (3). 
On the medial side of the transition be- 
tween the neck of the radius (4) and the 
shaft lies the radial tuberosity (5). In 
transverse section the shaft is almost 
triangular with a medially facing inter- 
osseous border (6), an anterior sur- 
face (7), an anterior border (8), alateral 
surface (9) and a posterior border (10), 


which forms the boundary between‘ 


the /ateral and the posterior (11) sur- 
faces. At the lower end of the radius lies 
the styloid process (12) and medial to 
it is the ulnar notch. The carpal artic- 
ular surface (13) faces distally. Dor- 
sally we find a number of grooves of 
variable depth in which run the tendons 
of the long extensor muscles. From lat- 
eral (radial) to medial (ulnar) we have 
1st the sulcus (14) for the tendons of 
the abductor pollicis longus and exten- 
sor pollicis brevis lying on the styloid 
process, and 2nd the sulcus (15) for 
the tendons of the extensor carpi 
radialis longus and brevis. The 3rd 
sulcus (16) is oblique and accommo- 
dates the tendon of the extensor pollicis 
longus. The 4th sulcus (17) carries 
the tendons of the extensor digitorum 
and the extensor indicis. The bony ele- 
vation (ridge), which lies lateral to the 
3rd sulcus, is usally palpable and is 
known as the dorsal tubercle. 


Practical Points 


The styloid process of the radius extends 
1 cm further distally than that of the ulna. 
This must be taken into consideration when 
fractures are set. 


Ossification 


Perichondral ossification of the radial shaft 
begins in the 7th intrauterine week. The 
epiphyses are formed endochondrally, the 
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distal epiphysis in the 1st-2nd, the styloid 
process in the 10th—12th, and the proximal 
epiphysis in the 4th—7th year. The proximal 
epiphysial disk closes between the ages of 
14 and 17 and the distal disk between 20 and 
25 years of age. 


Ulna (F-K) 


Theulna has ashaft (18) and proximal and 
distal ends. The proximal end bears a 
hook-like process, the o/ecranon (19), 
which has a roughened surface. An- 
teriorly the trochlear notch (20) extends 
as far as the coronoid process (21), and 
laterally is the radial notch (22) into 
which the articular circumference of the 
radius fits. At the junction with the shaft 
lies the u/nar tuberosity (23). The crest 
of the supinator muscle (24) is directed 
laterally in an extension of the radial 
notch. The shaft is triangular in shape. 
The interosseous border (25) lies later- 
ally. The anterior surface (26) is sepa- 
rated from the medial surface (29) by the 
anterior border (27). The latter in turn is 
separated from the posterior surface 
(28) by the posterior margin (30). In the 
middle of the ulna, on its anterior sur- 
face, is the nutrient foramen (31). The 
articular circumference (33) is on the 
head of the ulna (32). At the distal end of 
the ulna is the small styloid process 
(34). 


Ossification 


Perichondral ossification of the shaft begins 
in the 7th intrauterine week. The ossification 
centers in the epiphyses are laid down en- 
dochondrally between the 4th— 11th years of 
life (Y), at the lower end between the 
4th—7th years, in the styloid process in the 
7th—8th years and at the upper end by the 
9th—11th year. The proximal epiphysis fuses 
earlier and the distal ones later. 
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Elbow Joint (A-D) 


The elbow joint is a compound joint with 
the three articulating surfaces of the 
bones within the joint capsule. It really 
consists of three joints, the humerora- 
dial, humeroulnar and proximal radio- 
ulnar joints. 


The thin, lax joint capsule (1) encloses the 
joint surfaces. In order to prevent pinch- 
ing of the capsule between these sur- 
faces during movement of the joint, fi- 
bers from the brachialis and biceps 
brachii muscles act as articular muscles 
and radiate into the capsule in order to 
tense it. Both humeral epicondyles (2) 
are outside the capsule (D). The syno- 
vial membrane surrounds the olec- 
ranon fossa and both fossae on the 
anterior side of the humerus (D). Be- 
tween the synovial (3) and fibrous (4) 
membranes of the capsule in the region 
of the fossa is a large amount of fatty 
tissue (5), which may help to limit ex- 
treme movements of the joint. In the 
ulnar region, the line of attachment of 
the capsule (D) follows the margin of 
the trochlear notch, so that the tips of 
the olecranon (6) and the coronoid pro- 
cess (7) still project within the capsule. 
On the radius the capsule extends as a 
sac below the annular ligament of the 
radius (8), the superior recessus sacci- 
formis (9). 


This extension of the capsule makes ro- 
tation of the radius possible. 


The very strong collateral ligaments are 
embedded in the sides of the joint cap- 
sule. The ulnar collateral ligament (10) 
arises from the medial epicondyle of the 
humerus and usually possesses two 
strong fiber bundles, an anterior one 
(11) which is directed to the coronoid 
process, and aposterior one (12) which 
extends to the lateral margin of the 
olecranon. The ulnar nerve runs pos- 
terior to the latter bundle. Between 
these two fibrous bundles lies loose 
connective tissue, which is limited on 
the ulnar side by oblique fibers (13). 
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The radial collateral ligament (14) extends 
from the lateral epicondyle of the 
humerus to the annular radial ligament 
and proximal to the latter radiates into 
the ulna. The radial collateral ligament 
fuses with the superficial extensors. 
The quadrate ligament connects the neck 
of the radius to the radial notch of the 
ulna. 


Finally, there is the annular ligament of the 
radius (8) which is attached at both ends 
onto the ulna and encircles the head of 
the radius. There is often cartilaginous 
tissue on its inner surface, which acts as 
a movable buttress for the radius during 
pronation and supination (see p. 118). 


Because of the interaction of these 
three joints in any flexed or extended 
position, a simultaneous rotation of the 
radius around the ulna is possible. 


The following movements are possi- 
ble: flexion, extension, supination and pro- 
nation (see p. 118). 
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Elbow Joint, continued (A) 


The humeroradial joint (1) is formed by 
the capitulum of the humerus and the con- 
cave fovea on the head of the radius. It cor- 
responds in form to a ball-and-socket 
joint. The humeroulnar joint (2) occurs 
between the trochlea of the humerus and 
the trochlear notch of the ulna. On the 
trochlea there is a channel (3) which ac- 
commodates the leading edge of the 
trochlear notch. This is a hinge joint. 
The proximal radioulnar joint (4) is 
formed between the articular circumfer- 
ence of the head of the radius and the radial 
notch of the ulna, together with the annu- 
lar ligament (5). This is a pivot joint and it 
permits movements of the radius 
around the ulna: Rotation of the radius 
around the ulna is called pronation (B) 
(bones cross over each other) or supi- 
nation (C) (bones lie parallel to one 
another). The axis of this movement of 
the bones of the forearm runs from the 
center of the fovea on the head of the 
radius to the styloid process of the ulna. 


The anteriorly measured angle between the arm 
and forearm during maximal extension is 
slightly larger in females (180°) than in males 
(175°). Children are able to overextend the 
elbow joint. The radially measured angle with 
the forearm fully extended (the angle of ab- 
duction) ranges from 158- 180°, with amean 
of about 168,5°. 


Distal Radioulnar Joint (D) 


The distal radioulnar joint (6), a pivot 
joint is formed by the head of the ulna and 
the ulnar notch of the radius. Between the 
radius and the styloid process of the 
ulna lies an articular disk, which sepa- 
rates the distal radioulnar from the 
radiocarpal joint. The capsule is lax and 
extends from the inferior recessus sac- 
ciformis (7) up to the shaft of the ulna. 
The proximal and distal radioulnar joints 
are necessarily combined joints to per- 
mit pronation and supination. 
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Continuous Fibrous Joint Be- 
tween Radius and UlIna (D) 


The interosseous membrane of the forearm 
(8) stretches between the radius and the 
ulna. Its fibers run from proximal later- 
ally to the medial side of the ulna distal- 
ly. Fibers of the oblique cord (9) run in 
the opposite direction to those of the in- 
terosseous membrane. It strengthens 
the interosseus membrane proximally. 
The cord begins approximately at the 
ulnar tuberosity and extends to the in- 
terosseous border of the radius distal to 
the radial tuberosity. 


Practical Points 


The interosseous membrane not only pre- 
vents parallel displacement of the radius 
and ulna but also allows pulling and pres- 
sure stresses to be transmitted from one 
bone to the other. It is so strong that during 
overstrain of the forearm the bones tend to 
fracture before the fibers are torn. 

The commonest of all fractures (described 
by Colles in 1814) is at a classical site on the 
radius, and is due to a fall on the palm of the 
hand with the arm extended. The weight of 
the body is transmitted through the humerus 
and the ulna and then passes through the in- 
terosseous membrane to the radius. The dis- 
tal end of the radius resists the counter- 
pressure, so that maximal stress develops 
and causes a fracture of the lower radius. 
The distal fragment is displaced radially and 
dorsally as the fibers of the interosseous 
membrane fix the shaft of the radius to the 
ulna (bayonet position). 
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Carpus (A-C) 


The carpus consists of eight carpal 
bones arranged in two rows of four. In 
the proximal row from lateral to medial 
are the scaphoid (1), lunate (2), triquatrum 
(3) and superimposed on it the pisiform 
(4). In the distal row from the lateral to 
the mediai side are the trapezium (5), 
trapezoid (6), capitate (7) and hamate (8) 
Each carpal bone has several facets for 
articulation with the neighboring 
bones. 


Both rows of bones together, i.e., the 
entire carpus, form an arch which is 
convex proximally and concave distally. 
The palmar surface of the carpus is also 
concave and is spanned by theflexorre- 
tinaculum, which forms the osteo- 
fibrous carpal tunnel. It stretches from 
the scaphoid and trapezium to the 
hamate, triquetrum and pisiform. Pro- 
jections on these named bones are 
palpable through the skin. With the 
hand pendent the pisiform is easily 
moved and is readily palpable, as is the 
tendon of flexor carpi ulnaris, which 
inserts into the pisiform. The scaphoid 
and trapezium form the floor of the 
radial fossa, the ‘anatomical snuffbox’”’ 
(see p. 376). 


Practical Points 


The scaphoid (1) is of particular clinical 
importance as it is the most often frac- 
tured of all carpal bones. Inadequate treat- 
ment of a scaphoid fracture may result in a 
pseudarthrosis. One of the fractured parts 
may even become necrotic. Of all scaphoid 
fractures 70% occur through the middle 
third of the bone. 


Variants 


There are sometimes small accessory bones 
between the carpal bones and as many as 20 
of them have been described. The possibility 
of their presence must always be borne in 
mind when examining radiographs of’the 
wrist. The commonest additional bone is the 
os centrale (9). Its cartilaginous anlage is an 
almost constant finding in man, but it almost 


Bones, Ligaments, Joints 


always becomes synostosed with the 
scaphoid (1). Fusion of carpal bones has 
also been described, the most frequent fu- 
sion being between the lunate and trique- 
trum. 


Upper Limb: Bones, Ligaments, Joints 121 






A Dorsal view of carpal bones of 
right hand 


C Dorsal view of carpus showing central bone 






B Palmar view ‘of 
carpal bones of 
right hand 


. 


122 


Individual Bones of the Carpus 
(A-B) 


The scaphoid (1) is the largest bone in 
the proximal row. On its palmar surface 
is a tubercle (2), which is palpable 
through the skin. The scaphoid articu- 
lates proximally with the radius, distally 
with the trapezium and trapezoid, and 
medially with the lunate and capitate. 
Blood vessels enter along the entire 
roughened surface of the bone. In one 
third of cases, blood vessels reach the 
scaphoid bone only on its distal face 
and in them a fracture of the scaphoid 
bone (see p. 120) may be followed by 
necrosis of the proximal fragment. 


The crescent-shaped lunate (3) articu- 
lates proximally with the radius and the 
articular disk, medially with the trique- 
trum, laterally with the scaphoid and 
distally with the capitate and some- 
times also with the hamate. 


The triquetrum (4) is almost pyramidal 
in shape with its apex pointing medially. 
The base faces laterally and articulates 
with the lunate. Proximally it articulates 
with the articular disk and distally with 
the hamate. The palmar surface has a 
small articular facet (5) for the pisiform. 


The pisiform (6) is the smallest of the 
carpal bones. It is easily palpable and, 
together with the triquetrum and the 
hamulus, a hooklike projection of the 
hamate, it forms the medial carpal emi- 
nence. 


The trapezium (7) possesses a tubercle 
(8), which is palpable on dorsiflexion of 
the hand, and medial to it there is a 
groove (9) for the tendon of the flexor 
carpi radialis. Distally it has a saddle- 
shaped articular facet (10) for the 1st 
metacarpal bone. A facet for articula- 
tion'with the trapezoid lies medially, and 
between the distal and medial articular 
facets there is a further small facet for 
the joint with the 2nd metacarpal bone. 
Proximally the trapezium articulates 
with the scaphoid. 
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The trapezoid (11) is wider dorsally 
than on its palmar surface. It articulates 
proximally with the scaphoid, distally 
with the 2nd metacarpal, laterally with 
the trapezium and medially with the 
capitate. 


The capitate (12) is the largest carpal 
bone. It has facets proximally for ar- 
ticulation with the scaphoid and the lu- 
nate, laterally for the trapezoid, me- 
dially for the hamate and distally mainly 
for the 3rd metacarpal bone, as well as 
partly for the 2nd and 4th metacarpals. 


The hamate (13) is readily palpable. On 
its palmar aspect is the hamulus (14), 
which is curved laterally. The latter is re- 
lated to the flexor digiti minimi brevis 
and the pisohamate ligament. It articulates 
distally with the 4th and 5th metacarpal 
bones, laterally with the capitate, prox- 
imally and medially with the tri- 
quetrum, and proximally and laterally 
with the lunate. 


Ossification 


The centers develop endochondrally only 
after birth. In the 1st year of life they appear 
in the capitate and hamate, and in the 2nd to 
3rd year in the triquetrum. Between the ages 
of 2 and 6 the bony center of the lunate de- 
velops, followed between the 3rd and 6th 
year by that in the scaphoid. Ossification in 
the trapezium and trapezoid commences 
between the ages of 4 and 6. The pisiform 
ossifies between 8 and 12 years of age. 
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Bones of the Metacarpus and 
Digits (A-C) 


The five metacarpals of the hand each 
have a head (1), a shaft (2) and a base 
(3). On all of them there are articular 
facets at one end (base) for articulation 
with the carpals and at the other (head) 
for the phalanges. The palmar surface is 
slightly concave and the dorsal surface 
slightly convex. The dorsal surface ex- 
hibits a characteristic triangular con- 
figuration toward the head. The proxi- 
mal articular facet of the 1st metacarpal 
is saddle-shaped; the 2nd metacarpal 
has a notched base proximally for ar- 
ticulation with the carpus and on the 
medial side with the 3rd metacarpal. On 
the dorsoradial side of the base of the 
3rd metacarpal is a styloid process (4) 
and radially an articular facet for the 
2nd metacarpal. Proximally, for junc- 
tion with the carpus there is one ar- 
ticular facet, and on the ulnar side there 
are two articular facets for articulation 
with the 4th metacarpal. The 4th meta- 
carpal has two articular facets radially 
but only one on its ulnar side. 


The bones of the digits: Each digit con- 
sists of more than one bone, namely a 
proximal (5), a medial (6) and a distal 
phalanx (7). The sole exception is the 
thumb, which has only two phalanges. 


Each proximal phalanx has a flattened 
palmar surface, dorsally and transver- 
sally it is convex and has roughened 
sharpened borders for the attachment 
of the fibrous tendon sheaths of the 
flexor muscles. It has a shaft (8), a distal 
phalangeal head (also called a “troch- 
lea’) (9) and a proximal base (10). The 
base has a transverse oval socket, an 
articular facet for the metacarpals. 


The base of the middle phalanx has two 
convex facets separated by a smooth 
ridge to conform to the shape of the 
head of the proximal phalanx. 


The base of the distal phalanx also bears a 
ridge. At the distal end there is a rough 
palmar surface for insertion of the ten- 
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don of the flexor digitorum profundus 
as well as a palmar-facing roughened, 
spade-shaped plate (11) at its terminus. 


Sesamoid bones are regularly found in 
the joints between the metacarpals and 
the proximal phalanx of the thumb, one 
lying medially and the other laterally. 
Sesamoid bones are also found in vari- 
able numbers in the other fingers. 


Ossification 


In both the metacarpals and the phalanges 
there is only one epiphysial center of ossifi- 
cation in addition to the perichondral 
diaphysis (3rd intrauterine month). In the 
metacarpals the distal epiphysial centers 
develop in the 2nd year of life, except for 
the 1st metacarpal, in whose proximal end 
the center appears in the 2nd—8rd year. In 
the phalanges epiphysial ossification cen- 
ters occur only proximally. 
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Radiocarpal and Midcarpal 
Joints (A-E) 


Theradiocarpal or wristjoint is an ellip- 
soid joint formed on one side by the 
radius (1) and the articular disk (2) and on 
the other by the proximal row of carpal 
bones. Not all the carpal bones of the 
proximal row are in continual contact 
with the socket-shaped articular face of 
the radius and the disk. The triquetrum 
(3) only makes close contact with the 
disk during ulnar abduction and loses 
contact on radial abduction. The capsule 
of the radiocarpal joint is lax, dorsally 
relatively thin, and is reinforced by 
numerous ligaments, The joint space is 
unbranched and sometimes contains 
synovial folds. Often the wrist joint is in 
continuity with the midcarpal joint. 


The midcarpal joint is formed, by the 
proximal and distal row of carpal bones and 
has an “S”-shaped joint space. Each 
row of carpal bones can be considered 
as asingle articular body and they inter- 
lock with each other. Although thereis a 
certain limited degree of mobility be- 
tween members of the proximal row of 
carpal bones, this is not true of the distal 
row because they are joined one to 
another (4) as well as to the metacarpal 
bones by strong ligaments. Thus, the 
distal row of carpal bones and the meta- 
carpals form a functional entity. 


The joint capsule is tense on the palmar 
surface and lax dorsally. The joint space 
is branched and has connections with 
the radiocarpal joint, and around the 
trapezium (5) and trapezoid (6) there are 
also connections with adjacent car- 
pometacarpal joints. 


Sometimes the joint space contains 
numerous synovial folds (7). Thespace 
between the lunate and triquetrum and 
the capitate and hamate is padded by 
synovial folds which may be visible in 
radiographs. 
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Ligaments (A-E) 


There are four different groups of liga- 
ments. Ligaments between the bones of the 
forearm and the carpus (violet). These 
comprise the u/nar (8) and radial (9) 
carpal collateral ligaments, the palmar 
(10) and dorsal (11) radiocarpal liga- 
ments and the palmar ulnocarpal liga- 
ment (12). 


Ligaments between the carpal bones (red). 
These include the radiate carpal liga- 
ment (13), thepisohamate ligament (14) 
and the palmar (15), dorsal (16) and in- 
terosseous (4) intercarpal ligaments. 


Ligaments between the carpal and metacar- 
pal bones (blue). These include the 
pisometacarpal ligament (17) and the 
palmar (18) and dorsal (19) car- 
pometacarpal ligaments. 


Ligaments between the metacarpal bones 
(yellow). These are subdivided into dor- 
sal (20), interosseous (21) and palmar 
(22) metacarpal ligaments. 


Almost all of these ligaments 
strengthen the joint capsules and partly 
direct the movements of the wrist. 
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Movements in the Radiocarpal 
and Midcarpal Joints (A-C) 


Starting from the mid-position (A), we 
distinguish marginal movements of ra- 
dial deviation (abduction) (B) and ulnar de- 
viation (adduction) (C) from movements 
in the plane of the hand, i. e., flexion 
(palmar flexion) and extension  (dorsi- 
flexion) as well as intermediate or 
combined movements. 


Marginal Movements 


Pure radial abduction: Radial abduction is 
produced by interaction of the abductor 
pollicis longus, the extensor carpi 
radialis longus and other muscles (see 
p. 168). The scaphoid (red) is tilted to- 
ward the palmar surface, where it be- 
comes palpable through the skin. Tilt- 
ing of this bone allows the trapezium 
(blue) and trapezoid (green) to ap- 
proach the radius. Since the trapezoid 
and the 2nd metacarpal bone are rigidly 
joined together and the flexor carpi 
radialis and extensor carpi radialis 
longus are inserted into the 2nd meta- 
carpal bone, radial abduction rep- 
resents a pulling action on this func- 
tional unit. The trapezoid glides along 
the scaphoid and, as the latter bone is 
not fixed, it can be moved, and since it 
cannot free itself from its other articula- 
tions, it is forced to tilt. This tilting 
movement occurs along a radioulnar 
transverse axis. In addition to tilting of 
the scaphoid, there is palmar displace- 
ment of the other proximal carpal 
bones. Radial abduction occurs around a 
dorsopalmar axis, which runs through the 
head of the capitate (light blue). In this 
movement the pisiform (dotted line) 
traverses the greatest path, as can be 
seen in radiographs. 


Pure ulnar adduction: During ulnar adduc- 
tion there is tilting and dorsal displace- 
ment, of the proximal row of carpal 
bones. The flexor and extensor carpi 
ulnaris act together with the long 
muscles of the digits. Movement toward 
the ulnar side occurs around a dorsopalmar 
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axis through the head of the capitate 
bone, and the proximal carpal bones 
are tilted about a radiou/nar axis. 


Extent of Movements of Deviation 


Movements of deviation are equally possible 
on either side of the mid-position. The mid- 
position corresponds to an ulnar deviation 
of 12° and must not be confused with the 
straight position of the hand. The straight po- 
sition is one in which the long axis of the 3rd 
finger runs over the capitate bone and is in 
a straight line with the long axis of the fore- 
arm. Starting from the straight position 
radial deviation is smaller, namely 15°, while 
ulnar deviation is about 40°. These values 
are only true when the arm is in strict supi- 
nation; in strict pronation they are slightly 
greater. The angle is much larger if the fore- 
arm is pronated and the humerus rotated 
around the elbow joint. Possibly the various 
muscles are able to function more effec- 
tively in the latter position. 


The radiographs from which Figs. A—C were 
drawn were taken with the arm in pronation. 


Hamate (pink), lunate (black), trique- 
trum (yellow). 


» 
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_A Straight position 
of right hand (from a 
radiograph) 





B Radial abduction of right hand C Ulnar adduction of right hand 
(from a radiograph) (from a radiograph) 
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Movements in the Radiocarpal 
and Midcarpal Joints, con- 
tinued (A—C) 


Flexion and Extension N 


Flexion (Palmarflexion) and Extension (Dor- 
siflexion): The proximal carpal bones are 
displaced in a palmar direction on dor- 
siflexion and dorsally on palmar flexion. 
This is particularly obvious in the 
scaphoid (red), which protrudes in the 
palmar direction on dorsiflexion and 
may be palpated through the skin. The 
axes of movement run transversely; the 
line of the proximal row running 
through the lunate (black), and that of 
the distal row through the capitate (light 
blue). Flexion and extension of the hand in- 
clude movements about both axes. The size 
of the angle between maximal dorsiflex- 
ion and maximal palmar flexion is about 
170°. The angle of excursion is only 
limited by ligaments and muscles. 
Palmar flexion. takes place mostly in the 
radiocarpal joint and dorsiflexion mainly 
in the midcarpal joint. 


Accessory Movements between Flex- 
ion and Extension, Abduction and Ad- 
duction 


These result from the directions in 
which the involved muscles work, and 
through them and the movements of the 
various joints, including the elbow and 
the shoulder, it is possible to produce 
movements which approximate to 
those of a ball-and-socket joint. One 
focus of all joint and movement axes 
runs through the capitate. The structure 
of the wrist necessitates certain restric- 
tions of mobility; for example, it is not 
possible to produce abduction during 
maximum palmar flexion, because in 
the latter position the proximal row of 
carpal bones cannot be either displaced 
or tilted. 
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Carpometacarpal Joint of the 
Thumb 


This joint is a saddle joint, which allows 
abduction and adduction of the thumb, 
as well as opposition, reposition and 
circumduction. 


Carpometacarpal Joints 


All other joints between the carpal and 
metacarpal bones are amphiarthroses. 
They are fixed by tense ligaments, the 
palmar and dorsal carpometacarpal li- 
gaments. 


Intermetacarpal Joints 


These, too, are rigid joints and are fixed 
by dorsal, palmar and interosseous li- 
gaments. 


Metacarpophalangeal and Dig- 
ital Joints (D—E) 


The metacarpophalangeal joints are 
ball-and-socket joints in shape with /ax 
capsules. The palmar side of the cap- 
sule is strengthened by palmar-liga- 
ments and fibrous cartilage. The ar- 
ticulation is between the head of the 
metacarpal (1) and the base of the Ist 
phalanx (2). Restriction of movement is 
caused by the collateral ligaments (3), 
whose origin (4) is dorsal to the axis of 
motion of the joint on the heads of the 
metacarpals. The greater the move- 
ment, the tighter the ligaments become. 
In flexion, movements of abduction are 
almost impossible. The joints may be 
rotated passively by up to 50°. The joints 
between the bones of the fingers, the in- 
terphalangeal joints of the hand, are 
hinge joints, which may be flexed and ex- 
tended. They, too, have collateral (5) 
and palmar ligaments. 


Trapezoid (green), triquetrum (yellow), 
trapezium (dark-blue), hamate (pink), 
pisiform (black interrupted line). 
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E Palmar view of metacarpophalangeal and digital 
joints with capsule removed 
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Classification of the Muscles 
(A-C) 


Ontogenetically the limb muscles stem from 
the ventral body wall musculature. Their di- 
vision into dorsal and ventral muscle groups 
results from consideration of their topog- 
raphy and innervation. The nerves arise 
from ventral or dorsal parts of the plexus 
(see Vol. 3). The immigration into the shoul- 
der girdle region of various muscles which 
ontogenetically stem from other regions, for 
instance, from the branchial musculature, 
has obscured the simple principle underly- 
ing this classification. Further information 
should be sought in textbooks of embryol- 
ogy. In any description of the musculature, it 
is important to retain the genetic principle as 
far as possible and by this to prove the re- 
lationship of the’individual muscles. 


Another method of classification is that of 
functional relationship. Here muscles are 
grouped together according to their actions 
on individual joints. 


Shoulder Girdle Muscles 


The shoulder girdle muscles may be 
grouped ontogenetically into those 
which have migrated from the trunk into 
the upper limb, those which extend 
secondarily from the arm into the trunk, 
and those which have immigrated as 
craniothoracic muscles from the head 
to the shoulder girdle. 


Shoulder Girdle Muscles with 
on the Humerus 


Insertions 


Dorsal Muscle Group 


The supraspinatus (1), infraspinatus (2), 
teres minor (3), deltoid (4), sub- 
scapularis (5), teres major (6) and latis- 
simus dorsi (7). 


Ventral Muscle Group 


The ‘coracobrachialis (8), pectoralis 
minor (exception: insertion on the 
scapula) and pectoralis major (9). 


Muscles of the Shoulder Girdle and Upper Arm 


Migrated Trunk Muscles Which 
Insert on the Shoulder Girdle 


Dorsal Muscle Group 


Rhomboideus major, rhomboideus 
minor, levator scapulae and serratus 
anterior. 


Ventral Muscle Group 
Subclavius and omohyoid. 


Cranial Muscles Which Insert on the Shoulder 
Girdle 


Trapezius and sternocleidomastoid. 


Muscles of Upper Arm 


The muscles of the limb are separated 
according to their position into those of 
the upper arm and those of the forearm 
(see p. 154). The upper arm muscles are 
divided into ventral and dorsal groups, 
which are separated by intermuscular 
septa. 


Ventral Muscle Group 


The brachialis (10) and the biceps 
brachii (11) with its long (12) and short 
(13) heads. 


Dorsal Muscle Group 


The triceps brachii with its long (14), 
medial (15) and lateral heads (16), and 
the anconeus. 


17 Axillary artery and vein, 

18 Brachial artery, 

19 Brachial veins, 

20 Basilic vein, 

21 Cephalic vein, 

22 Radial nerve, 

23 Median nerve, 

24 Ulnar nerve, 

25 Medial antebrachial cutaneous nerve, 
26 Musculocutaneous nerve, 
27 Axillary or circumflex nerve. 
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C Planes of the sections 


B Section through middle of arm 
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Dorsal Group of Muscles 
(A-B) 


The supraspinatus, infraspinatus, teres minor 
and deltoid are inserted on the greater 
tubercle of the humerus as well as the crest 
of the greater tubercle and its continuation. 


The supraspinatus (1) arises from the 
supraspinatus fascia and the supra- 
spinatus fossa (2). It passes over the 
joint capsule, with which it is fused, to 
reach the upper facet of the greater 
tubercle (3). It holds the humerus in its 
socket, tenses the capsule and abducts 
the arm. Sometimes there is a synovial 
bursa near the glenoid cavity. 

Nerve supply: Suprascapular nerve (C4 
to C6). 


The infraspinatus (4) arises from the in- 
fraspinatus fossa (5), the spine of 
scapula (6) and the infraspinatus fascia 


and runs to the greater tubercle (7; 


middle facet). The infraspinatus rein- 
forces the capsule of the shoulder joint. 
Its main function is external rotation of 
the arm. Near the joint socket there is 
often the subtendinous bursa of the in- 
fraspinatus muscle. 

Nerve supply: Suprascapular nerve (C4 
to C6). 


Variants 


It is frequently fused with the teres minor. 


The teres minor (8) arises from the lat- 
eral border of the scapula (9) superior to 
the origin of the teres major, and is in- 
serted on the lower facet of the greater 
tubercle (10). It acts as a weak lateral 
rotator of the arm. 

Nerve supply: Axillary 
nerve (C5 and C6). 


(circumflex) 


Variants 


It may, be fused with the infraspinatus. 


The" datioid (1A) i divided into three 
parts — Clavicular (12), acromial (13) and 
spinal (14). The clavicular fibers arise 
from the lateral third of the clavicle, the 
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acromial fibers from the acromion and 
the spinal fibers from the lower border of 
the spine of the scapula. All three parts 
insert on the deltoid tuberosity of the 
humerus (15). In the region of the great- 
er tubercle of the humerus, there is a 
subdeltoid bursa. The three sections of 
the muscle act partly as synergists and 
partly as antagonists. The deltoid is the 
most important abductor of the shoulder 
joint. Abduction up to about 90° is 
mostly performed by the deltoid, at first 
only by the acromial fibers. Only after 
the first two thirds of the movement of 
abduction have been completed, do 
the clavicular and spinal fibers become 
responsible for the movement. The 
clavicular and spinal fibers are able to 
adduct the arm after it has been lowered 
to a third of its range of movement. 


The clavicular fibers, aided by some of 
the acromial fibers, can produce an- 
teversion, and the spinal fibers, helped 
by other acromial fibers, produce retro- 
version. These angular movements are 
superimposed on the framework of ba- 
sic movements of the arm (swinging of 
the arm while walking). The clavicular 
and spinal sections of the deltoid exert 
a rotary action on these movements. 
The clavicular fibers can produce me- 
dial rotation in an arm which is adducted 
and laterally rotated, while the spinal 
fibers can produce lateral rotation in a 
medially rotated arm. 

Nerve supply: Axillary (circumflex) 
nerve (C4—C6); clavicular fibers also by 
pectoral branches (C4—C5). 


Variants 

Fusion with neighboring muscles; absence 
of the acromial fibers of the deltoid; occur- 
rence of supernumary groups of muscle 
fibers. 
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A Dorsal shoulder muscles inserted on greater 
tubercle and its crest or continuation, view 
from back 





Diagram of origin, course and 
insertion of the muscles 
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Dorsal Muscle Group (Con- 
tinued, A-B) 


The subscapularis, teres major and latis- 
simus dorsi are inserted on the lesser 
tubercle and its crest. \ 


The subscapularis (1) arises in the sub- 
scapular fossa (2) and is inserted on the 
lesser tubercle (3) and the proximal 
part of its crest. It causes medial rota- 
tion of the arm. 
Nerve supply: 
(C5—C8). 


Variants 


Subscapular nerve 


The occurence of accessory bundles. 
Practical Points 


Paralysis of the subscapularis produces 
maximal lateral (external) rotation ofthe up- 
per limb, which indicates that it is a particu- 
larly strong medial rotator of the arm. 


The teres major (4), which arises from 
the lateral border (5) of the scapula near 
the inferior angle, is inserted on the 
crest of the lesser tubercle (6) near the 
subtendinous bursa of the teres major. 
Its main function is retroversion of the 
arm toward the midline, which requires 
retroversion and a small simultaneous 
medial rotation. This movement is par- 
ticularly prominent if the arm has been 
previously anteverted and slightly ab- 
ducted. The muscle also helps in ad- 
duction. 

Nerve supply: Thoracodorsal nerve (C6 
and C7). 


Variants 


Fusion with the latissimus dorsi or complete 
absence of the muscle. 


The latissimus dorsi (7) is broad and 
flat and is the largest muscle in man. It 
arises from the spinous processes of 
the 7th- 12th thoracic vertebrae as the 
vertebral part, from the thoracolumbar 
fascia and the posterior third of the iliac 
crest as the iliac part, from the 10th—12th 
ribs as the costal part and, in addition, 
very often also from the inferior angle of 
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the scapula as the scapular part. The 
latissimus dorsi thus usually arises in 
four parts which have different func- 
tions. It develops embryologically to- 
gether with the teres major with which it 
is inserted on the crest of the lesser 
tubercle (8). The subtendinous bursa 
of the latissimus dorsi lies immediately 
before the junction of both muscles. 
The latissimus dorsi provides the mus- 
cular basis of the posterior axillary fold. 
It lowers the raised arm and adducts it. 
When the arm is adducted, it pulls it 
backward and medially, and rotates it 
so far medially that the back of the hand 
can cover the buttock. The latissimus 
dorsi is often called the “dress coat 
pocket” muscle. Both latissimi can act 
together to pull the shoulders backward 
and downward. They function, too, dur- 
ing forced expiration and in coughing 
(coughing muscle). 

Nerve supply: Thoracodorsal nerve (C6 
to C8). 


Variants 


The occurrence of aberrant muscle fibers 
that run into the pectoralis major as a mus- 
cular arch across the axilla. 
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A Anterior view of dorsal shoulder muscles 
inserted on lesser tubercle and 
its crest 





B Diagram of origin, course and insertion of the muscles 
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Ventral Muscle Group (A-B) 


The coracobrachialis (1) arises from 
the coracoid process (2) together with 
the short head of the biceps brachii. /t is 
inserted on the medial surface of the 
humerus on the continuation of the 
crest of the lesser tubercle (3). It ante- 
verts the arm and also holds the head of 
the humerus in its joint socket. 

Nerve supply: Musculocutaneous nerve 
C6 and C7). 


shou girdle muscle which:is not in- 


serted on bone in the free limb. /t arises 

from the 3rd—5th ribs (5) and is inserted 

on the coracoid process (6). It lowers 
«and rotates the scapula. 

Nerve supply: Medial pectoral nerves 

(C6 to C8). 


Variants 


More or fewer slips of origin. 


The pectoral aor (is avid into 
three , i. e., the clavicular, sternocos- 
tal and abdominal parts. The clavicular part 
arises from the medial half of the an- 
terior surface of the clavicle (8), while 
the sternocostal part comes from the 
sternal membrane and the cartilages of 
the 2nd—6th ribs (9). The weaker ab- 
dominal part stems from the anterior 
layer of the uppermost part (10) of the 
rectus sheath. The pectoralis major is 
inserted on the crest of the greater tu- 
bercle (11) in such a manner that the 
fibers are twisted, so that the abdominal 
part is attached most proximally and 
forms a pocket which is open above. 


It is a strong muscle, four-sided when 
the arm hangs down, and when the arm 
is raised, its borders form a triangle. It 
forms the muscular basis of the anterior 
axillary fold. With the arm abducted the 
clavicular and sternal parts can pro- 
duce anteversion, a movement which is 
familiar from swimming. All parts of the 
pectoralis major acting together, forci- 
bly and rapidly lower the raised arm. In 
addition, the whole muscle can adduct 
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the arm and rotate it medially. The 
sternocostal and abdominal parts to- 
gether lower the shoulder anteriorly. 
Finally, the muscle can act as an acces- 
sory muscle during inspiration if the 
arm is fixed. An exhausted sportsman 
after a race may be seen to prop up his 
arms on his trunk, so that the pectorales 
majores can be brought into action as 
accessory muscles of respiration -to 
move the thorax. 

Nerve supply: Lateral and medial pec- 
toral nerves (C5 to Th1). 


Variants 


It may form a muscular axillary arch con- 
necting with the latissimus dorsi. It is very 
occasionally absent. 
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Diagram of origin, course 
and insertion of the muscles 





A Ventral shoulder muscles, anterior view 
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Dorsal Muscle Group (A-D) 


The ises from 

the spines of cervical vertebrae 6 and Ya 

(2) and is inserted on the me 

of the scapula (3). Th 

BUBZIBENEN: which lies caudal to’ the 
rhomboideus minor, arises from the 

spinous processes of the 1st—4th 

thoracic vertebrae (5) andis inserted on 


the medial margin of the scapula (3), 
caudal to the rhomboideus minor. 


Both muscles have the same function, 
namely to press the scapula onto the 
thoracic wall, and they can retract the 
scapula toward the vertebral column. 


The two muscles are sometimes fused 
to form a single rhomboid muscle. 
Nerve supply: Dorsal scapular nerve 
(C4-C5). 


The levator scapulae (6) arises from the 
dorsal tubercles of the transverse pro- 
cesses of the 1st to 4th cervical vertebra 
(7) andis inserted on the superior angle 
of the scapula (8). It elevates the scapula 
while rotating the inferior angle medial- 
ly. 

Nerve supply: Dorsal scapular nerve (C4 
and C5). 


The serratus anterior (9) usually arises 
by nine slips from the 1st—9th ribs (10) 
but sometimes from ribs 1-8. In the la- 
ter case two slips arise from the 2nd rib. 
The insertion of the muscle extends 
from the superior to the inferior angles 
along the entire medial margin of the 
scapula (3). The muscle is divided into 
three sections according to the points 
of insertion, namely a superior part(11), 
inserted near the superior angle of the 
scapula, an intermediate part(12),inserted 
along the medial margin of the scapula, 
and an inferior part (13) which is attached 
near to or at the inferior angle of the 
scapula. 


All three parts pull the scapula toward 
the front, a movement essential for 
anteversion of the arm. It is the opposite 
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of that produced by its antagonists, 
the rhomboid muscles. The superior 
and inferior parts together press the 
scapula onto the thorax, and in this 
movement they act synergistically with 
the rhomboid muscles. The inferior 
part rotates the scapula laterally and 
pulls the inferior angle lateral and for- 
ward. This movement makes elevation 
of the arm possible. All three parts may 
act to lift the ribs when the shoulder 
girdle is fixed, and so can act as an 
accessory muscle of respiration. 

Nerve supply: The long thoracic nerve 
(C5 to C7). 


Practical Points 


Paralysis of the serratus anterior produces 
the condition of “winged scapula” on the af- 
fected side and makes lifting of the arm lat- 
erally beyond 90° impossible. The possibility 
of damage to the rhomboid muscles must be 
considered in the differential diagnosis, as 
this may also produce a winged scapula, al- 
though without interfering with elevation of 
the arm. 


Variants 
A larger or smaller number of slips of origin. 


14 Teres major, 
15 Clavicle. 
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D Diagram of origin, course and 
insertion of serratus anterior 
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Diagram of origin, 
course and insertion of 
rhomboid and levator 
scapulae 
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Ventral Muscle Group (A-C) 


The subclavius (1) arises from the junc- 
tion of the bone and cartillage of the 1st 
rib and is inserted on the lateral part of 
the undersurface of the clavicle. It pulls 
the clavicle toward the sternum and so 
stabilizes the sternoclavicular joint. 
Nerve supply: Subclavian nerve (C5 and 
C6). 


Variants 
This muscle may be absent. 


The omohyoid has two bellies. Its inferior 
belly (2) arises from the upper margin of 
the scapula (3) and reaches with the 
superior belly (4) to the inner surface of 
the hyoid bone (5). It tenses the fascia 
and dilatates the underlying internal 
jugular vein. 

Nerve supply: Ansa cervicalis profunda 
(C1 to C8). 


Variants 


The muscle may arise from the clavicle in- 
stead of the scapula, in which case it is 
known as the cleidohyoid muscle. 


Cranial Muscles Inserted on 
the Shoulder Girdle (A—C) 


Tree <'vice« into descend- 
ing, transverse and ascending parts. The de- 
scending part arises from the superior 
nuchal line, the external occipital pro- 
tuberance and the nuchal ligament and 
is inserted on the lateral third of the 
clavicle (7). The transverse part arises 
from the 7th cervical to 3rd thoracic ver- 
tebrae (from their spinous processes 
and supraspinous ligaments) and jis in- 
serted on the acromial end of the cla- 
vicle, the acromion (8) and part of the 
spine of the scapula (9). The ascending 
part arises from the 2nd or 3rd-12th 
thoracic vertebrae (from the spinous 
processes and supraspinous liga- 
ments) and is inserted on the triangular 
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portion of the spine or the adjacent 
part of the scapula (10). 

The primary action of the trapezius 
muscle is a static one, namely to 
stabilize the scapula and thus to fix the 
shoulder girdle. In its active function, 
when it contracts, it pulls the scapula 
and the clavicle backward toward the 
vertebral column. The descending and 
ascending parts rotate the scapula, and 
the former, in addition to adduction, 
also produces a slight elevation of the 
shoulder and so assists the serratus an- 
terior. If the latter is paralyzed, the ac- 
tion of the descending part of the 
trapezius may still permit some eleva- 
tion of the arm above the horizontal. 
Nerve supply: Accessory nerve and 
trapezius branch (C2 to C4). 


One head of the sternocleidomastoid 
(11) arises from the sternum (12) and the 
other from the clavicle (13). Itis inserted 
on the mastoid process (14) and the 
superior nuchal line (15), where there is 
a tendinous junction with the origin of 
the trapezius. 


As its action one the shoulder girdle is 
of minor importance, it is not discussed 
here, but subsequently with the mus- 
cles of the head (see p. 314). 

Nerve supply: Accessory nerve and cer- 
vical plexus (C1 and C2). 
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Immigrant trunk muscles inserted on 
shoulder girdle; lateral view of 
«( ventral group 





C Diagram of attachment 
of muscles to scapula 
B Diagram of course and insertion 

of the muscles 
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Classification According to 
Function (A-C) 


We distinguish adduction, drawing of 
the arm toward the body, and abduc- 
tion, lateral raising of the arm through 
90° around a sagittal axis, which runs 
through the head of the humerus. Ele- 
vation, which may be a continuation of 
abduction, is due not to movement 
within the shoulder joint, but is pro- 
duced by rotation of the scapula, the in- 
ferior angle of which is moved forward 
and laterally. 


In addition, there is anteversion or 
forward lifting of the arm, and retro- 
version or backward lifting of the arm. 
Both movements occur around a frontal 
axis which runs through the head of the 
humerus. 


Finally there is rotation of the arm. This 
is due to pivoting of the arm (hanging 
down by the side) around an axis which 
runs from the head of the humerus through the 
ulnar styloid process. It corresponds to the 
axis of pro- and supination of the 
forearm, so that we may say that rota- 
tion leads to reinforcement of the 
movements of pronation and supina- 
tion. We distinguish between lateral (ex- 
ternal) and medial (internal) rotation. The 
compound movement of circumduction 
may also be either a lateral or medial 
circumduction. In it the movement of 
the humerus is cone-shaped. Obvious- 
ly, the same muscles which are active in 
rotation of the arm also function in cir- 
cumduction. 


Adductors (A) include the pectoralis 
major (red), the long head of the triceps 
brachii (blue, see p. 152), the teres ma- 
jor (yellow), the latissimus dorsi 
(orange), the short head of the biceps 
brachii (green) and the clavicular and 
spinal parts of the deltoid (brown, bro- 
ken line). 


Abduction (B) is produced by the del- 
toid (red), the supraspinatus (blue) and 
the long head of the biceps brachii (yel- 
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low). The serratus anterior and tra- 
pezius may aid this movement by pro- 
ducing slight rotation of the scapula. 


Elevation (C) of the arm is produced by 
the serratus anterior (red). Before the 
arm can be elevated, it must be ab- 
ducted by the deltoid, the long head of 
the biceps brachii and the supra- 
spinatus. In the transition from abduc- 
tion to elevation, the trapezius (blue) 
supports the action of the serratus an- 
terior. The effect of the latter depends 
on its action on the clavicular joints (ac- 
romioclavicular and _ sternoclavicular 
joints). 


Practical Points 


If the serratus muscle is paralyzed, elevation 
of the arm is limited to the 15° produced by 
action of the trapezius. 


The color of the arrows shows the order of 
importance of the muscles in individual 
movements: 

red, 

blue, 

yellow, 

orange, 

green, 

brown. 
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Classification According to 
Function (continued, A-D) 


The muscles which produce antever- 
sion (flexion) (A) include the clavicular 
and some of the acromial fibers of the 
deltoid (red), the biceps brachii (blue, 
see p. 150), the clavicular and sterno- 
costal fibers of the pectoralis major 
(yellow), the coracobrachialis (orange) 
and the serratus anterior (green). 


Practical Points 


Anteversion is still possible in paralysis of 
the serratus anterior, but it is accompanied 
by marked, elevation of the scapula from 
the thoracic wall (winged scapula). 


Retroversion (extension) (B) is brought 
about by the teres major (red), the latis- 
simus dorsi (blue), the long head of the 
triceps brachii (yellow), and the spinal 
and some fibers of the acromial part of 
the deltoid (orange). There is always 
some associated movement at the 
acromioclavicular joint. 


Lateral Rotation (C) is produced by the 
infraspinatus (red), teres minor (blue) 
and the spinal fibers of the deltoid (yel- 
low). During lateral rotation the scapula 
and the clavicle are pulled posteriorly 
by the trapezius and the rhomboid mus- 
cles. This results also in movement at 
the sternoclavicular and acromio- 
clavicular joints. 


Medial Rotation (D) is produced by the 
subscapularis (red), pectoralis major 
(blue), long head of the biceps brachii 
(yellow), the clavicular fibers of the del- 
toid (orange), teres major (green) and 
the latissimus dorsi (brown). 


The color of the arrows shows the order of 
importance of the muscles in the individual 
movements: 

red 

blue 

yellow 

orange 

green 

brown. 
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Fascias (A-B) 


Each shoulder girdle muscle is sur- 
rounded by its own fascia to permit free 
movement of the muscles against each 
other. Particularly strong fascias are the 
pectoral fascia (1) and the clavipec- 
toral fascia (2). The former covers the 
pectoralis major superficially and ex- 
tends from it across the deltopectoral 
groove (3) to the deltoid. It is connected 
to the axillary fascia (4), which is partly 
loose and partly dense and which cov- 
ers the axilla. 


The clavipectoral fascia surrounds the 
subclavius, the pectoralis minor, 
and partly extends over. the coraco- 
brachialis. It separates the pectoralis 
major from the pectoralis minor. Atthe 
lateral border of the latter it radiates 
into the axillary fascia. 


A special feature of the remaining fas- 
cias is, that in the region of the infra- 
spinatus and teres minor they may be- 
come aponeurotic ‘and muscle fibers 
may actually arise from them. The axil- 
lary fascia forms the continuation ofthe 
pectoral fascia as far as the fascia cov- 
ering the latissimus dorsi. It does not 
consist of regularly arranged, dense 
connective tissue, but instead there are 
zones of loose tissue, which may easily 
be removed. After removal of the loose 
part ofthe axillary fascia, an oval zone 
may be seen, the proximal fascial bor- 
der of which is called the axillary arch of 
Langer. 


Special Spaces in the Shoulder 
Region (Axillary Spaces and 
Axilla) 


Axillary Spaces (see p..360): There is a 
medial and a lateral axillary space. 
These spaces are called the triangular 
and quadrangular spaces, respectively, 
because of their shapes. The medial or 
triangular is bounded by the teres 
minor, the teres major and the long 
head of the triceps brachii, the lateral or 
quadrangular space by the long head 
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of the triceps brachii, the teres minor 
and major and the humerus. 


Axilla. The axilla is pyramidal in shape. 
Anteriorly it is limited by the anterior ax- 
illary fold (5), the muscular basis of 
which is the pectoralis major, and also 
deep in the anterior wall are the pec- 
toralis minor and the clavipectoral fas- 
cia. The posterior wall of the axilla con- 
sists of the posterior axillary fold (6), 
which is basically formed by the latis- 
simus dorsi. Moreover, the sub- 
scapularis, with the scapula and teres 
major also participate in the formation 
of the dorsal wall. The medial wall is 
formed by the thorax and the serratus 
anterior covered by a fascia. The lateral 
wall consists of the upper part of the 
arm. (The contents of the axilla are de- 
scribed on page 358). 
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150 Upper Arm Muscles 
According to their position the muscles 
of the upper limb may be divided into 
arm and forearm muscles. In the upper 
arm, the ventral group is divided from 
the dorsal group by the intermuscular 
septa. ‘ 


Ventral Muscle Group (A—C) 


The brachialis (1) arises from the distal 
half of the anterior surface of the 
humerus (2) and the intermuscular sep- 
ta. [tis inserted into the ulnar tuberosity 
(3) and the joint capsule (as the articular 
muscle). It is asingle joint muscle and is 
the most important flexor of the elbow 
joint independent of pronation or supi- 
nation of the forearm. Its full power is 
exerted in lifting a heavy load. In sucha 
movement there is also slight retro- 
version at the shoulder joint. 

Nerve supply: Musculocutaneous nerve 
(C5 and C6). 


Variants 


Insertion into the oblique cord or into the 
radius. 


The biceps brachii (4) arises with its 
long head (5) from the supraglenoid 
tubercle (6) and with its short head (7) 
from the coracoid process (8). Both 
heads usually join at the level of inser- 
tion of the deltoid into the biceps mus- 
cle, which again terminates with two 
tendons. The stronger tendon is insert- 
ed into the radial tuberosity (9) with a 
bicipitoradial bursa enclosed. The other 
flattened tendon, the bicipital apo- 
neurosis (10), whose fibers form the 
continuation of part of the short head, 
radiates into the fascia of the forearm 
on the ulnar side. The long head 
traverses the shoulder joint and, cov- 
ered by a synovial sheath, it extends 
along the intertubercular groove (11) of 
the humerus. In its action it uses the 
head of the humerus as a fulcrum. 


The biceps brachii acts on two joints. 
With its long head it abducts the arm 
and rotates it medially. The short headis 


an adductor. Both heads are active in 
anteversion of the shoulder joint. The 
biceps brachii is also a flexor and 
strong supinator of the elbow joint. Its 
supinator action is increased during 
flexion of the elbow joint. It should be 
pointed out that, on the whole, the 
supinators are more strongly developed 
than the pronators. Therefore, the most 
essential rotary movements of the 
forearm are supinator movements (e.g., 
turning a screw, etc.). 

Nerve supply: Musculocutaneous nerve 
(C5 and C6). 


Variants 


In 10% of cases a 3rd head may arise from 
the humerus to join to the belly of the biceps. 


12 Long head of triceps brachii, 

13 Lateral head of triceps brachii, 
14 Medial head of triceps brachii, 
15 Lateral intermuscular septum, 
16 Medial intermuscular septum. 
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— Plane of section 


C Diagram of origin, course and insertion 
of the muscles 


A Anterior view of upper 
arm muscles 





B Section through middle of upper arm 
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Dorsal Muscle Group (A-C) 


The triceps brachii (1) has three heads, 
long (2), medial (3) and lateral (4). 


The long head (2) arises from the infra- 
glenoid tubercle of the scapula (5) and 
extends distally in front of the teres 
minor (6) and behind the teres major (7). 
The medial head (3) arises distally from 
the groove for the radial nerve (8), from 
the dorsal surface of the humerus (9) 
and from the medial intermuscular 
septum (10). It is only visible distally as 
it lies flattened against the humerus. 
The lateral head (4) arises laterally and 
proximal to the groove for the radial 
nerve from the dorsal surface of the 
humerus (11). Proximally it originates 
just beneath the greater tubercle (12) 
and ends distally in the region of the 
lateral intermuscular septum (13). The 
three heads fuse in a flat common end 
tendon, which is inserted on the ole- 
cranon of the ulna (14) and the posterior 
wall of the capsule. The long head of 
the triceps brachii acts on two joints, 
while with the other heads it acts only 
on One joint. It is an extensor of the el- 
bow joint. At the shoulder the long head 
is involved in retroversion and adduc- 
tion of the arm. Part of the tendon of 
the triceps brachii radiates into the 
forearm fascia and may almost com- 
pletely cover the anconeus (15). In the 
region of its attachment to the olec- 
ranon there are often bursae: the 
bursa subcutanea olecrani and bursa 
subtendinea m. tricipitis brachii. Nerve 
supply: Radial nerve (C6 to C8). 


The anconeus (15) arises from the dor- 
sal surface of the lateral epicondyle (16) 
and the lateral collateral ligament and 
is inserted into the proximal one-fourth 
of the dorsal side of the ulna (17), close 
to the medial head of the triceps brachii. 
Its function is to assist the triceps 
brachii in producing the movement of 
extension, and it also tenses the cap- 
sule of the elbow joint. 

Nerve supply: Radial nerve (C7 and C8). 


18 Supraspinatus, 
19 Deltoid, 

20 Infraspinatus, 

21 Biceps brachii, 
22 Brachialis, 

23 Coracobrachialis, 
24 Humerus. 
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Plane of section 1 —— 


C Diagram of origin, course and insertion 
of the muscles 








A Posterior view of 
arm muscles 


B Section through middle of arm 
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Classification of the Muscles 
(A-D) 


The forearm muscles are divided into 
three groups, according to their re- 
lationship to the various joints, their at- 
tachments and their mode of action. 
One group comprises muscles at- 
tached to the radius, which are only in- 
volved in movements of the bones of the 
forearm. The 2nd group of forearm 
muscles extends to the metacarpus and 
produces movement at the wrist. The 
3rd group comprises those muscles 
that extend to the phalanges and are re- 
sponsible for finger movements. 


Another system of classification is 
based on the position of the muscles in 
relation to each other. The ulna and 
radius with the interosseous membrane 
separate a ventral muscle group, the 
flexors, from a dorsal group of exten- 
sors. Connective tissue septa between 
the ventral and dorsal muscles separate 
a radial group. The flexors and exten- 
sors can be divided into superficial and 
deep muscles. 


Finally, the muscles of the forearm may 
also be divided into two groups accord- 
ing to their innervation — from either the 
ventral or dorsal portions of the plexus. 


From the practical point of view, the 
muscles will be classified according to 
their positions relative to one another. 
This also provides the most compre- 
hensive functional subdivision. 


Ventral Group of Forearm Muscles 


Superficial Layer 


Pronator teres (1), flexor digitorum 
superficialis (2), flexor carpi radialis (3) 
palmaris longus (4) and flexor carpi ul- 
naris (5). 


Deep Layer 


Pronator quadratus (6), flexor di- 


gitorum profundus (7) and flexor pol- 
licis longus (8). 


Radial Group of Forearm Muscles 


Extensor carpi radialis brevis (9), exten- 
sor carpi radialis longus (10) and 
brachioradialis (11). 


Dorsal Group of Forearm Muscles 
Superficial Layer 


Extensor digitorum (12), extensor digiti 
minimi (13) and extensor carpi ulnaris 
(14). 


Deep Layer 


Supinator (15), abductor pollicis longus 
(16), extensor pollicis brevis (17), exten- 
sor pollicis longus (18) and extensor 
indicis (19). 


20 Median nerve, 

21 Ulnar nerve, 

22 Superficial branch of radial nerve, 
23 Deep branch of radial nerve, 

24 Muscular branch of median nerve, 
25 Brachialis artery, 

26 Radial artery, 

27 Ulnar artery, 

28 Basilic vein, 

29 Cephalic vein, 

30 Radius, 

31 Ulna, 

32 Interosseous membrane. 
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A Section through proximal third of forearm 





C Section through distal third of forearm 
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Superficial Layer ofthe Ventral 
Forearm Muscles (A-D) 


The pronator teres (1) arises by its hu- 
meral head from the medial epicondyle 
of the humerus (2), as well as from the 
medial intermuscular septum, and its 
ulnarhead takes origin from the coronoid 
process of the ulna (3). /tis inserted into 
the rough area in the middle of the /at- 
eral surface of the radius (4). It pronates 
the forearm and flexes the elbow joint. 
Nerve supply: Median nerve(C6 and C7). 


Variants 
The ulnar head may be absent. If a supra- 


condylar process is present (see p. 110), 
the humeral head will also arise from it. 


The flexor digitorum superficialis (5) 
arises by its humeral head from the 
medial epicondyle of the humerus (6), 
by its ulnar head from the coronoid pro- 
cess of the ulna (7), and by its radial head 
from the radius (8). Its tendons runina 
common sheath (see p. 176) through 
the carpal canal. The muscle ends in 
four tendons, each inserted onto the 
lateral bony crests (9) in the center of 


the middle phalanges of the 2nd—5th 


fingers. At this point the tendons divide 
two slips, the perforatus muscle (10) and 
the tendons of the flexor digitorum 
profundus (11) slip through them, as 
if through a trough. It is a very weak 
flexor of the elbow, but a strong flexor 
of the wrist and the finger joints. Its 
action on the digits is impaired when 
the wrist is maximally flexed. 

Nerve supply: Median nerve (C7 to Th1). 


The flexor carpi radialis (12) arises from 
the medial epicondyle of the humerus 
(6) and from the superficial fascia of the 
forearm. It inserts into the palmar sur- 
face of the base of the 2nd metacarpal 
(13) and also in some cases on the 3rd 
metacarpal. It runs in the carpal canal in 
a groove in the trapezium, which is 
_ closed to form an osteofibrous canal. It 
is a weak flexor and pronator of the el- 
bow joint and participates in palmar 


flexion of the wrist, and, together with 
the extensor carpi radialis longus (see 
p. 160), it produces radial abduction. 

Nerve supply: Median nerve (C6 to C8). 


The palmaris longus (14) arises from 
the medial epicondyle of the humerus 
and radiates into the palmar surface of 
the hand with the- palmar aponeurosis 
(15); (see also p. 174). It flexes the hand 
toward the palm and tenses the palmar 
aponeurosis. 

Nerve supply: Median nerve (C8 to Th1). 


Variants 


It may be absent, but even then the palmar 
aponeurosis is always present. 


The flexor carpi ulnaris (16) lies on the 
medial side. Its humeral head arises from 
the medial epicondyle of the humerus 
(6) and its ulnar head from the olecranon 
and the upper two thirds of the pos- 
terior margin of the ulna (17). It is in- 
serted onto the pisiform bone (18) and 
extends by the pisohamate ligament as 
far asthe hamate, and by the pisometa- 
carpal ligament to the 5th metacarpal 
(20). It runs outside the carpal canal. It 
participates in palmar flexion, where it 
is more effective than the flexor carpi 
radialis and also helps in ulnar adduc- 
tion of the hand. 

Nerve supply: Ulnar nerve (C7 and C8). 


21 Brachioradialis, 

22 Flexor pollicis longus, 
23 Pronator quadratus, 
24 Biceps brachii, 

25 Flexor retinaculum, 
26 Lumbricales, 

27 Abductor pollicis brevis 
28 Flexor pollicis brevis 
29 Palmaris brevis, 

30 Ulna, 

31 Radius, 

32 Vinculum longum, 

33 Vinculum breve. 
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C Section through middle 
of forearm 


D 
Diagram of origin, course 
and insertion of the muscles; 


A Superficial flexors of ventral group 
of forearm muscles 


B Superficial flexors in the hand; 
palmar aponeurosis removed 
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Deep Layer of the Ventral 
Forearm Muscles (A-C) 


The pronator quadratus (1) arises from 
the distal quarter of the palmar surface 
of the ulna (2) andis inserted on the dis- 
tal quarter of the palmar surface of the 
radius (3). It takes part in pronation. 

Nerve supply: Anterior interosseous 
branch of the median nerve(C6 to Th 1). 


The flexor digitorum profundus (4) 
arises from the proximal two thirds of 
the palmar surface of the ulna (5) and 
the interosseous membrane. In its 
course through the carpal canal, its 
tendons and those of the superficial 
flexors of the fingers (see p. 156) are 
surrounded by a common tendon 
sheath (see p. 176). /tis attached by four 
tendons to the base of the terminal 
phalanges of the 2nd to 5th fingers (6). 
Because of its relationship to the flexor 
digitorum superficialis whose terminal 
tendon it pierces, itis also called the per- 
forans muscle. In addition, the lumbrical 
muscles arise from the radial side of its 
tendons (7). It is a flexor of the wrist, 
midcarpal, metacarpophalangeal and 
phalangeal joints. 

Nerve supply: Anterior interosseous 
branch of the median nerve and the 
ulnar nerve (C6 to Th1). 


Variants 


The tendon which reaches the index finger 
often has a belly of its own (see Fiy. A). 


The flexor pollicis longus (8) arises 
from the anterior surface of the radius, 
distal to the radial tuberosity, and from 
the interosseous membrane (9). Sur- 
rounded by its own tendon sheath (see 
p. 176) it extends through the carpal 
canal, then lies between the heads of 
the flexor pollicis brevis and continues 
onto the base of the terminal phalanx of 
the thumb (10). It is a flexor of the termi- 
nal phalanx of the thumb and it is also 
able to abduct it a little in the radial di- 
rection. 


Nerve supply: Anterior interosseous 
branch of the median nerve (C6 to C8). 


Variants 


In 40% of cases there is also a humeral head 
arising from the medial epicondyle of the 
humerus. 


11 Brachioradialis, 

12 Flexor retinaculum, 

13 Abductor pollicis brevis, 
14 Flexor pollicis brevis, 
15 Flexor carpi radialis, 

16 Palmaris longus, 

17 Flexor digitorum superficialis, 
18 Flexor carpi ulnaris, 

19 Pronator teres, 

20 Radius, 

21 Ulna. 
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B Diagram of origin, course 
and insertion of the muscles 




































































C Section through middle of forearm 


A Deep flexor group of 
ventral muscles of forearm 
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Radial Group of Forearm Mus- 
cles (A-D) 


The radial group includes three mus- 
cles which act as flexors at the elbow 
joint. 

The extensor carpi radialis brevis (1) 
arises from the common head of the 
lateral epicondyle of the humerus (2), 
from the lateral collateral ligament and 
from the annular radial ligament, and 
is inserted on the base of the 3rd meta- 
carpal (3). It runs through the 2nd 
tendon compartment on the dorsum 
of the wrist. The extensor carpi radialis 
brevis is a weak flexor of the elbow joint. 
It brings the arm to the mid-position 
from ulnar adduction and flexes it 
dorsally. 

Nerve supply: Deep branch of the radial 
nerve (C7). 


The extensor carpi radialis longus (4) 
‘arises from the lateral margin of the 
humerus (5) and from the intermuscular 
septum as far as the lateral epicondyle, 
and runs together with the extensor 
carpi radialis brevis through the second 
tendon compartment. /t is inserted on 
the base of the 2nd metacarpal (6). Itisa 
weak flexor at the elbow joint and supi- 
nator if the forearm is extended and 
produces dorsiflexion and radial ab- 
duction at the radiocarpal and mid- 
carpal joints. 

Nerve supply: Deep branch of radial 
nerve (C5 to C7). 5 


The two muscles just described are 
called “fist clenchers’’, as during clench- 
ing the hand must be slightly flexed 
dorsally to permit maximal action by the 
flexors. 


The brachioradialis (7) arises from the 
lateral margin of the humerus (8) and 
the intermuscular septum. It is inserted 
into the radial surface of the styloid 
process of the radius (9). Unlike the 
muscles of the forearm described 
above, this muscle acts only on a single 


joint — the elbow — and flexes it. In 
addition it brings the arm to the mid- 
position between pro- and supination. 
Nerve supply: Radial nerve(C5 and C6). 


10 Extensor digitorum, 

11 Extensor digiti minimi, 
12 Extensor carpi ulnaris, 
13 Extensor pollicis longus, 
14 Extensor pollicis brevis, 
15 Abductor pollicis longus, 
16 Ulna, 

17 Radius. 
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C Section through middle of forearm 


A Dorsal view of radial group of 
forearm muscles 
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Superficial (Ulnar) Layer of the 
Dorsal Forearm Muscles (A—-C) 


The extensor digitorum (1) has a flat- 
tened origin from the lateral epicondyle 
of the humerus (2), the lateral collateral 
ligament, annular radial ligament and 
from the antebrachial fascia. It runs 
through the 4th compartment of 
tendons. With its tendons it forms the 
dorsal aponeurosis (3) of the 2nd to 5th 
fingers. In addition, slips of the tendons 
run to the bases of the proximal 
phalanges (4) and to the capsules of the 
metacarpophalangeal joints. Between 
the individual tendons intertendinous 
connections are always present (5), 
starting from the 4th to the 3rd and 5th 
fingers. The extensor digitorum ex- 
tends and spreads the fingers. It is the 
strongest dorsiflexor of the wrist and 
the midcarpal joints and it acts, too, as 
an ulnar adductor. 

Nerve supply: Deep branch of the radial 
nerve (C6 to C8). 


The extensor digiti minimi (6) arises to- 
gether with the extensor digitorum ina 
common head (2) and extends 
through the 5th tendon compartment of 
the dorsum of the wrist, usually as two 
tendons, to the dorsal aponeurosis of 
the 5th finger. Sometimes it is absent 
and then the extensor digitorum takes 
over its function with an additional ten- 
don. It extends the 5th digit and helps in 
dorsiflexion and ulnar adduction of the 
hand. 

Nerve supply: Deep branch of the radial 
nerve (C6 to C8). 


The extensor carpi ulnaris (7) arises 
from the common head (2) together 
with the extensor digitorum, and from 
the ulna (8), and runs on the mediodor- 
sal side of the ulna through the 6th ten- 
don compartment to the base of the 5th 
metacarpal (9). It is really misnamed be- 
cause it acts as astrong ulnar adductor, 
an action that is most easily understood 
from the course of its tendon, which 
runs dorsally to the radiocarpal joint 


and palmarly to the midcarpal joint. 
This leads to dorsiflexion of the radio- 
carpal joint and palmar flexion in the 
midcarpal joint, i. e., the two functions 
balance one another. Hence the princi- 
pal action of the muscle is as an ad- 
ductor. Its antagonist is the abductor 
pollicis longus. 

Nerve supply: Deep branch of the radial 
nerve (C7 and C8). 


10 Extensor carpi radialis longus, 
11 Extensor carpi radialis brevis, 
12 Abductor pollicis longus, 

13 Extensor pollicis brevis, 

14 Extensor pollicis longus, 

15 Extensor indicis, 

16 Radius, 

17 Ulna, 

18 Anconeus. 
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C Diagram of origin, course 
and insertion of the muscles 





B Section through middle of forearm 


A Superficial layer of 
dorsal forearm muscles 
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Deep Layer of Dorsal Forearm 
Muscles (A-C) 


The surfaces from which the supinator 
(3) originates include the supinator 
crest ofthe ulna (1), the lateral epicon- 
dyle of the humerus (2), the collateral li- 
gament and the annular radial ligament. 
It inserts on the radius (4) between the 
radial tuberosity and the attachment of 
the. pronator teres. It encircles the 
radius and supinates the forearm, in 
contrast to the biceps brachii, in every 
position of flexion and extension. 
Nerve supply: Deep branch of the radial 
nerve (C5 and C6). , 


The abductor pollicis longus (5) arises 
from the dorsal surface of the ulna (6) 
distal to the supinator crest of the ulna, 
from the interosseous membrane (7) 
and from the dorsal surface of the 
radius (8). lt runs through the 1st ten- 
don compartment (see p. 176) and is in- 
serted on the base of the 1st metacarpal 
(9). Part of the tendon reaches the 
trapezium and another part often fuses 
with the tendon of the extensor pollicis 
brevis and abductor pollicis brevis. 


Due to its position it flexes the hand to- 
ward the palm and abducts it radially. 
The main function of this muscle is ab- 
duction of the thumb. 

Nerve supply: Deep branch of the radial 
nerve (C7 and C8). 


The extensor pollicis brevis (10) arises 
from the ulna (11) distal to the abductor 
pollicis longus from the interosseous 
membrane (12) and from the dorsal sur- 
face of the radius (13), and extends to 
the base of the proximal phalanx of the 
thumb (14). It extends and abducts 
the thumb because of its close relation- 
ship to the abductor pollicis longus, 
with which it runs in the 1st tendon 
compartment. 

Nerve supply: Deep branch of the radial 
nerve (C8-Th1). 


The extensor pollicis longus (15) arises 
from the dorsal surface of the ulna (16) 
and the interosseous membrane (17). It 
runs on the dorsal side of the wrist 
through the 3rd tendon compartment. 
It is inserted on the base of the distal 
phalanx (18) of the thumb. It uses the 
crest on the radius, which is 
situated lateral to the 3rd tendon com- 
partment, as a fulcrum and extends the 
thumb. At the wrist it dorsiflexes and 
abducts the hand radially. 

Nerve supply: Deep branch of the radial 
nerve (C7 and C8). 


The distal third of the dorsal surface of 
the ulna (19) and the interosseous 
membrane (20) are the sites of origin of 
the extensor indicis (21). It runs with the 
extensor digitorum through the 4th 
tendon compartment and projects its 
tendon into the dorsal aponeurosis of 
the index finger. \t extends the index 
finger and participates in dorsiflexion at 
the wrist and midcarpal joints. 

Nerve supply: Deep branch of the radial 
nerve (C8 to Th1). 


22 Extensor digitorum, 
23 Extensor digiti minimi, 
24 Extensor carpi ulnaris, 
25 Ulna, 

26 Radius. 
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C Section through middle of forearm 


A Deep layer of dorsal forearm muscles 
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Classification According to 
Function (A-D) 


The movements at the elbow joint are 
flexion and extension. The axis of move- 
ment runs through the epicondyles. All mus- 
cles which pass in front of the axis act as 
flexors and all those which pass behind 
it act as extensors at the elbow joint. 
Since many of the muscles act on se- 
veral joints, their names are not always 
appropriate for their function in relation 
to the elbow joint. In addition, their ac- 
tion at the elbow joint is dependent on 
the attitude of the neighboring joints. 


The flexors (A) include: the biceps 
brachii (red), brachialis (blue), bra- 
chioradialis (yellow), extensor carpi 
radialis longus (orange) and pronator 
teres (green). 


Less important are (not shown): the 
flexor carpi radialis, extensor carpi 
radialis brevis and palmaris longus. 


Flexion in the position of pronation, 
performed by contraction of the biceps 
brachii, is strongest. 


The only important extensor (B) is the 
triceps brachii (red). The most effective 
parts of it are the medial and lateral 
heads, while the long head of the triceps 
is only of secondary importance. The 
anconeus may be disregarded as an ex- 
tensor. 


The movements of the forearm are re- 
versing movements at the proximal 
and distal radioulnar joints, with as- 
sociated movement at the humeroradial 
joint. These reversing movements are 
called pronation and supination (see 
p. 118) and they occur around an axis which 
runs from the fovea on the head of the radius 
to the styloid process of the ulna. 


Pronation and supination are executed 
with almost equal force but with greater 
strength if the elbow joint is flexed. The 
preponderance of pronation is a false 
impression due to a medial rotation 
in the shoulder joint (Lanz and 
Wachsmuth). 


Muscles of the Elbow Joint and the Forearm 


The muscles which act as supinators 
(C) are: the biceps brachii (red), 
supinator (blue), abductor pollicis lon- 
gus (yellow), extensor pollicis longus 
(orange) and brachioradialis (not 
shown). 


Pronation (D) is produced by: the pro- 
nator teres (red), flexor carpi radialis 
(blue), extensor carpi radialis longus 
if the forearm is flexed (yellow), prona- 
tor quadratus (orange), brachioradialis 
(not shown) and palmaris longus (not 
shown). 


The color of the arrows shows the order 
of importance of the muscles in each 
movement: 


red 
blue 
yellow 
orange 
green 
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Classification According to 
Function (A-D) 


We distinguish dorsiflexion (A), lifting 
of the back of the hand, and palmar 
flexion (B), lowering of the back of'the 
hand. These movements take place at 
the radiocarpal and midcarpal joints 
through an imaginary transverse axis which 
runs through the capitate bone. We also dis- 
tinguish radial abduction (C) and ulnar 
adduction (D) about a dorsopalmar axis 
through the capitate bone. 


The muscles which take part in dorsi- 

flexion are: the extensor digitorum 

(red), extensor carpi radialis longus 

(blue), extensor carpi radialis brevis 

(yellow), extensor indicis (orange), ex- 

tensor pollicis longus (green) and ex- . 
tensor digiti minimi (not shown). 


Palmar flexion is produced by the flexor 
digitorum superficialis (red), flexor di- 
gitorum profundus (blue), flexor carpi 
ulnaris (yellow), flexor pollicis longus 
(Orange), flexor carpi radialis (green) 
and abductor pollicis longus (brown). 


Radial abduction is produced by the ex- 
tensor carpi radialis longus (red), ab- 
ductor pollicis longus (blue), extensor 
pollicis longus (yellow), flexor carpi 
radialis (orange) and flexor pollicis lon- 
gus (green). 


Ulnar adduction is produced by the ex- 
tensor carpi ulnaris (red), flexor carpi 
ulnaris (blue), extensor digitorum (yel- 
low) and extensor digiti minimi 
(orange). 


The color of the arrows shows the order 
of importance of the muscles in each 
movement: 


red 
blue 
yellow , 
orange 
green 
brown 
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The intrinsic muscles of the hand may 
be divided into three palmar groups. We 
distinguish the central muscles of the 
hand, the thenar muscles of the tnumb 
and the hypothenar muscles of the little 
finger. The extensor aponeurosis lies 
on the dorsum of the digits. 


Muscles of the Metacarpus 
(A-D) 


The seven short, pennate interossei 
may be divided into three palmar single- 
headed and four dorsal double-headed mus- 
cles. 


The palmar interossei; (1) arise from the 
2nd, 4th and 5th metacarpal bones (2). 
They insert by short tendons on the cor- 
responding proximal phalanges (3) and 
they also radiate into the corresponding 
tendons of the dorsal aponeurosis (4). 
Their tendons run dorsal to the deep 
transverse metacarpal ligaments (5) 
and palmar to the axis of the metacar- 
pophalangeal joints. Thus, they flex at 
the metacarpophalangeal joints, and 
by their radiations into the dorsal apo- 
neurosis they are able to extend at 
the interphalangeal joints. Through 
their relationship to the metacarpal and 
phalangeal bones, they also adduct in 
relation to an axis which passes lon- 
gitudinally through the middle finger; 
they move the 2nd, 4th and 5th finger 
toward the middle finger. 


The dorsal interossei (6) arise by two 
heads from the adjacent sides of the five 
metacarpal bones (2,7). Like the palmar 
interosseous muscles, they extend to 
the proximal phalanges and radiate into 
the dorsal aponeurosis (4). The 1st 
dorsal interosseous extends to the 
proximal phalanx of the 2nd finger on 
the radial side, the 2nd and 3rd inter- 
osseous muscles reach the proximal 
phalanx of the middle finger on both the 
radial and ulnar sides, and the 4th dor- 
sal interosseous muscle extends to the 
proximal phalanx of the 4th finger on 
the ulnar side. Like the palmar interos- 


Intrinsic Muscles of the Hand 


sei, they flex at the metacarpo- 
phalangeal joints and extend at the 
interphalangeal joints. They function as 
abductors in relation to the axis of the 
middle finger. 

Nerve supply: Deep branch of the ulnar 
nerve (C8—Th 1). 


The four lumbricales (8) arise from the 
radial sides of the tendons of the flexor 
digitorum profundus (9). As these ten- 
dons are mobile, the sites of origin of 
the lumbricales are not fixed. Covered 
by the palmar aponeurosis and palmar 
to the deep transverse metacarpal liga- 
ments (5), they run to the extensor 
aponeurosis (4) and to the joint cap- 
sules of the metacarpophalangeal 
joints. They flex at the metacar- 
pophalangeal joints and extend at the 
interphalangeal joints. 

Nerve supply: The two radial lum- 
bricales are supplied by the median 
nerve and the two ulnar ones by the 
deep branch of the ulnar nerve (C8— 
Th1). 


10 Flexor retinaculum, 

11 Abductor pollicis brevis, 

12 Flexor pollicis brevis, 

13 Transverse head of the adductor 
pollicis, 

14 Abductor digiti minimi, 

15 Flexor carpi ulnaris, 

16 Flexor carpi radialis. 
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Thenar Muscles (A-D) 


These include the abductor pollicis bre- 
vis, flexor pollicis brevis, adductor pol- 
licis and opponens pollicis. 


The abductor pollicis brevis (1) arises 
from the scaphoid tubercle (2) and the 
flexor retinaculum (3). It is inserted into 
the radial sesamoid bone (4) and to the 
proximal phalanx (5) of the thumb. It 
abducts the thumb. 

Nerve supply: Median nerve (C8-Th 1). 


The flexor pollicis brevis has a superfi- 
cial head (6) and a deep head (7). The 
former arises from the flexor re- 
tinaculum (3) and the latter from the 
trapezium (8), trapezoid (9), and capi- 
tate (10). /t iss inserted into the radial 
sesamoid bone (4) of the metacar- 
pophalangeal joint ofthe thumb. It flex- 
es, adducts and abducts the thumb and 
is able to bring the thumb into opposi- 
tion. 

Nerve supply: The superficial head is 
supplied by the median nerve and the 
deep head by the ulnar nerve (C8-Th1). 


The adductor pollicis also has two 
heads of origin, the transverse head (11) 
originating from the entire length of the 
3rd metacarpal (12), and the oblique head 
(13) originating from the adjacent car- 
pal bones. It is inserted into the ulnar 
sesamoid bone (14) of the metacar- 
pophalangeal joint of the thumb. It pro- 
duces adduction and assists in the op- 
position and flexion of the thumb. 
Nerve supply: Deep branch of the ulnar 
nerve (C8—-Th 1). 


The opponens pollicis (15) arises from 
the tubercle of the trapezium (16) and 
the flexor retinaculum (8), and is in- 
serted into the radial margin of the 1st 
metacarpal (17). It produces opposition 
of the thumb and assists in adduction. 
Nerve supply: Median nerve (C6—C7). 


Intrinsic Muscles of the Hand 


In summary, the muscles of the thenar 
eminence may also be classified ac- 
cording to their function: 


Adduction of the thumb is produced by 
the combined action of the adductor 
pollicis and to a lesser degree by the 
flexor pollicis brevis and opponens 
pollicis. 


Abduction is produced by the abductor 
pollicis brevis and partly by the flexor 
pollicis brevis. 


The position of opposition is produced 
principally by the opponens pollicis, as- 
sisted by the flexor pollicis brevis and 
adductor pollicis. 


Reposition (return to the neutral position) 
is effected by the long muscles of the 
dorsal side, namely the extensor pollicis 
brevis, extensor pollicis longus and 
abductor pollicis longus. 
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Palmar Aponeurosis and 
Hypothenar Muscles 


The palmar aponeurosis (see also p. 
156) consists of longitudinal (1) and 
transverse (2) fascicles. The longitudi- 
nal fibers are attached to the tendon 
sheaths of the flexor tendons (3), the 
deep transverse metacarpal ligaments 
(4) and the ligaments of the metacar- 
pophalangeal joints. They also radiate 
into the corium of the palm of the hand 
(5) and send eight septa (6) to the deep 
fascia to compartmentalize the tendons 
of the long flexors of the digits. The 
transverse fasciculi (2) connect the 
longitudinal fibers with each other. 


In the hypothenar eminence lies the 
palmaris brevis (7), which may be in the 
process of involution and whose fibers 
connect the palmar aponeurosis and 
the flexor retinaculum (8) to the skin of 
the ulnar border of the hand. 

Nerve supply: Superficial branch of the 
ulnar nerve (C8—Th 1). 


The muscles of the hypothenar emi- 
nence consist of the abductor digiti 
minimi (9), flexor digiti minimi brevis 
(10) and opponens digit minimi (11). 


The abductor digiti minimi (9) arises 
from the pisiform (12), the pisohamate 
ligament (13) and the flexor retinaculum 
(8) and is inserted into the ulnar margin 
of the base of the proximal phalanx of 
the 5th digit (14). in part it also radiates 
into the extensor aponeurosis of the 5th 
digit. It functions as a pure abductor. 
Nerve supply: Deep branch of the ulnar 
nerve (C8—Th 1). 


The flexor digiti minimi brevis (10) 
arises from the flexor retinaculum 
(8) and also from the hamulus of the 
hamate (15). Atits insertion it fuses with 
the tendon of the abductor digiti minimi 
and ends on the palmar surface of the 
base of the proximal phalanx (16). It 
flexes at the metacarpophalangeal 
joint. 


Intrinsic Muscles of the Hand 


Nerve supply: Deep branch of the ulnar 
nerve (C8—-Th 1). 


Variants 
The muscle very often is absent. 


The opponens digiti minimi (11), like 
the flexor digiti minimi brevis, arises 
from the hamulus of the hamate (15) 
and from the flexor retinaculum (8). It is 
inserted into the ulnar margin of the 5th 
metacarpal (17). It brings the 5th digit 
into the position for opposition. 

Nerve supply: Deep branch of the ulnar 
nerve (C8-Th1). 
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Fascias (A-C) 


In the upper arm the brachial fascia (1) 
surrounds the flexors and extensors. 
Between the flexor and extensor groups 
of muscles on the medial and lateral 
sides of the humerus are the medial (2) 
and /ateral (3) brachial intermuscular 
septa. The fascia of the upper arm is 
continuous with the axillary fascia (4) 
and with the forearm fascia (5). On the 
anterior surface of the upper arm just 
above the elbow there is an aperture, 
the hiatus basilicus (6) (see p. 362). 


The antebrachial fascia (5) is tightly at- 
tached to the dorsal surface of the ulna. 
The bicipital aponeurosis (7) radiates 
into the forearm fascia, and the latter 
sends strong septa (8) deep between 
the individual muscle groups (see p. 
154). At the distal end of the forearm 
the fascia is strengthened by transverse 
bands to form the extensor retina- 
culum (9) on the dorsal surface and the 
flexor retinaculum (10) on the palmar 
surface. The retinacula provide con- 
duits for the tendons of various 
muscles. Deep to the extensor retina- 
culum there are six compartments for 
passage of the extensor tendons. 


Tendon Sheaths (D—E) 


These six dorsal compartments (vaginae 
tendinum) contain the long tendon 
sheaths for nine muscles and are num- 
bered from the radial to the ulnar side. 
In the 1st compartment (11) the ten- 
dons of the abductor pollicis longus 
and extensor pollicis brevis are found 
in the 2nd compartment (12) those of 
the extensor carpi radialis longus and 
brevis. The 3rd compartment (13) con- 
tains the tendon of the extensor pollicis 
longus, and the 4th (14) those of the 
extensor digitorum and extensor indi- 


cis. The extensor digiti minimi is en-: 


closed in the longest of the synovial 
sheaths and runs through the 5th com- 
partment (15). The 6th compartment 
(16) contains the extensor carpi ulnaris. 


Fascias and Special Features 


On the palm of the hand the flexor re- 
tinaculum (10) completes the carpal 
tunnel (see p. 120), through which pas- 
ses the median nerve and various flex- 
ors in carpal synovial tendon sheaths. 
Three carpal and five digital tendon 
sheaths may be distinguished. At the 
carpus there is one for the flexor carpi 
radialis (17), one for the tendon of the 
flexor pollicis longus (18) and a large 
synovial tendon sheath for-the superfi- 
cial and deep flexor digitorum (19). 


The five digital synovial sheaths are sur- 
rounded by fibrous sheaths. The tendon 
sheath of the little finger (20) almost 
regularly continues with the carpal ten- 
don sheath, and often the tendon 
sheath of the thumb is associated with 
the carpal tendon sheath of the flexor 
pollicis longus. The other tendon 
sheaths extend from the base of the 
terminal phalanges to the metacar- 
pophalangeal joints. The long tendons 
are particularly tightly secured by these 
sheaths, and the places where they run 
over the joints are further strengthened 
by cartilage. The tendon sheaths are 
surrounded by additional connective 
tissue bands. 


Immediately over the joints there are 
transverse fibers (21), and in between 
them, in the region of the corpus of a 
phalanx, there are oblique fibers (22). 
The tendons of the flexors are con- 
nected to the tendon sheaths by 
mesotendons. A mesotendon contains 
blood vessels and nerves and is called 
the vinculum tendinum (see Fig. 157 B). 


Palmar Aponeurosis 


The palmar aponeurosis is described on 
page 174. 
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The bony pelvis consists of the two hip 
bones, the sacrum and the coccyx (see 
p. 48). 


Hip Bone (A-C) Q 


The hip bone has three parts, the pubis, 
the ilium and the ischium, which synos- 
tose within the acetabulum in the 
acetabular fossa (1), which is sur- 
rounded by the /unate articular surface 
(2). The acetabular notch (3) opens the 
acetabulum inferiorly and thus limits 
the obturator foramen (4). 


The pubis consists of a body (5), a 
superior ramus (6) and an inferior 
ramus (7). The two rami border the ob- 
turator foramen anteriorly and inferior- 
ly. Near to the superior end of the me- 
dially orientated symphysial surface (8) 
lies the pubic tubercle (9), from which 
the pubic crest (10) extends medially 
and the pubic pecten (11) runs laterally 
toward the arcuate line of the ilium (12). 
At the transition of the superior ramus 
of the pubis into the ilium, there is the 
elevation of the iliopubic eminence (13). 
The obturator groove (14) lies inferior to 
the pubic tubercle and is bordered 
internally by the anterior obturator tu- 
bercle (15) and the posterior obturator 
tubercle (16), which is not always pres- 
ent. 


The ilium, together with its a/a (17), 
forms the boundary of the greater pel- 
vis. On the inner surface is the iliac 
fossa (18), posterior to this is the iliac 
tuberosity (19). Below the tuberosity 
lies the auricular surface (20). The iliac 
crest (21), which is the upper margin of 
the ala of the ilium, begins anteriorly at 
the anterior superior iliac spine (22). It 
extends as the outer (23) and inner (24) 
lips, with an intermediate line (25) 
superiorly and posteriorly, to terminate 
at the posterior superior iliac spine (26). 
Below it lies the posterior inferior iliac 
spine (27), and anteriorly, under the an- 
terior superior iliac spine, is the anterior 


inferior iliac spine (28). Theinferior (29), 
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anterior (30) En) erg 






„In addition: there are vari- 
ous small vascular canals, including at 
least one which corresponds function- 
ally to an emissary vein. The ala of the 
ilium is limited inferiorly by the arcuate 
line (12) from the body of the ilium (32). 


The ischium is divided into the body (33) 
and the ramus of the ischium (34), 
which together with the inferior ramus 
ofthe pubis formsthe inferior border of 
the obturator foramen. The ischium 
bears theischial spine (35), which sepa- 
rates the greater sciatic notch (36) from 
the lesser sciatic notch (37).The greater 
sciatic notch is formed partly by the is- 
chium and partly by the ilium, and it ex- 
tends to the inferior surface of the au- 
ricular facies. The ischial tuberosity (38) 
develops on the ramus of the ischium. 


Ossification 
Three anlagen appear: in the 3rd in- 
trauterine month (ilium), 4th-5th in- 


trauterine month (ischium) and the 5th—6th 
intrauterine month (pubis). They fuse in the 
center of the acetabulum in a Y-shaped 
junction. Within the acetabulum one or more 
individual ossification centers develop be- 
tween the ages of 10 and 12 years. Synosto- 
sis of the three bones occurs between the 
ages of 5 and 7 years, but within the ace- 
tabulum itself not until between the ages of 
15 and 16 years. Epiphysial centers of ossi- 
fication occur in the spines at the age of 16, 
in the ischial tuberosity and in the iliac crest 
between the ages of 13 and 15. 
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C Ossification of 
hip bone 


A Lateral view of hip bone 


B Medial view of hip bone 
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Junctions Between the Bones 
of the Pelvis (A-B) 


Symphysis 


The two hip bones are joined at the 
symphysis (1) by a fibrous cartilage with 
a hyaline cartilage covering, the inter- 
pubic disk. Within the disk a small non- 
synovial cavity may be present. Cra- 
nially and caudally the junction is rein- 
forced by the superior (2) and the ar- 
cuate (3) pubic ligaments, respectively. 


Sacroiliac Joint (4) 


The articulation is formed by the auricu- 
lar surface of the hip bone and the au- 
ricular surface of the sacrum. Both are 
covered by fibrous cartilage. A very taut 
joint capsule encloses the almost im- 
mobile joint, which is an amphiar- 
throsis. The capsule is strengthened by 
the ventral (5), interosseous (6) and 
dorsal (7) sacroiliac ligaments. The joint 
is reinforced indirectly by the jliolumbar 
ligament (8), which connects the ilium 
9) to the lumbar vertebrae (10), as well 


as by the sacrotuberous (11) and sac- 
rospinous (12) ligaments. 


Ligaments in the Pelvic Region 


The obturator membrane (13) closes 
the obturator foramen, except for the 
small opening of the obturator canal (14), 
through which pass the obturator blood 
vessels and nerve. 


The sacrospinous (12) an tuber- 
ous (11) ligaments fan out to the lateral 
margin of the sacral bone (15) and the 
coccyx (16) from the ischial spine (17) 
and from the ischial tuberosity (18). The 
sacrotuberous ligament is stronger and 
longer than the sacrospinous ligament. 


These two ligaments complete the 
greater sciatic notch and convert it into 
the greater sciatic foramen (19) and the 
lesser sciatic notch into the /esser 
sciatic foramen (20). The sacrotuberous 
ligament joins the sacrospinous liga- 
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ment in forming the posteromedial 
border of the greater sciatic notch. The 
iliolu (8) extends from 
the costal processes of the 4th and 5th 
lumbar vertebrae (21) to the iliac crest 
(22) and the adjacent region of the iliac 
tuberosity (23). The transverse acetab- 
ular ligament closes the acetabular 
notch and completes the articular sur- 
face for the head of the femur. 


The inguinal ligament (24) is formed by 
the inferior margin of the aponeurosis 
of the external abdominal oblique. It ex- 
tends between the anterior superior 
iliac spine (25) and the pubic tubercle 
(26). At the latter point of attachment it 
spreads out along a broad surface in the 
form of the lacunar ligament (27). Be- 
tween the inguinal ligament and the an- 
terior margin of the hip bone are the 
muscular (29) and the vascular (29) 
compartments, which are separated 
from each other by the iliopectineal arch 
(21). 


Morphology of the Bony Pelvis 
(see p. 182) 


We distinguish a true and a false, ora 
greater and lesser, pelvis. The region in- 
ferior to the terminal line is called the 
lesser pelvis. The pelvic inlet (Superior 
pelvic aperture) leads into the lesser 
pelvis, which is bordered by the pro- 
montory, the arcuate line, the iliopubic 
eminence, the pecten of the pubis and 
the upper edge of the symphysis (‘‘ter- 
minal line’). The pelvic outlet, the in- 
ferior pelvic aperture, is the region be- 
tween the subpubic angle or pubic arch, 
the ischial tuberosities and the coccyx. 
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Orientation of the Pelvis and 
Sex Differences (A-F) 


An angle of about 60° is enclosed be- 
tween the plane of the pelvic inlet and 
the horizontal plane. It is known as the 
pelvic inclination. In the upright pos- 
ture the anterior superior iliac spine and 
the pubic tubercle are in the same verti- 
cal (frontal) plane. 


Classification of Pelvic Types 


In females we distinguish various pelvic 
shapes, of which the most common (50%) is 
the gynecoid type. Other forms are the an- 
droid, anthropoid and platypelloid types. 
Classification into four main types is 
achieved by measuring certain pelvic dia- 
meters. The pelvic diameters or conjugates 
are measured at the pelvic inlet and outlet 
and as oblique diameters. 


Diameters and External Pelvic Mea- 
surements (A—C) 


The transverse diameter (1) (13.5-14 cm) 
joins the extreme lateral points of the 
pelvic inlet. The oblique diameter 
(2) (12-12.5 cm) ist the line drawn be- 
tween the right sacroiliac joint and the 
left iliopubic eminence. The oblique 
diameter II (3) (11.5-12 cm) represents a 
line between the left sacroiliac joint and 
the right iliopubic eminence. The 
anatomical conjugate (4) (approximately 
12 cm) is the line between the sym- 
physis and the promontory. The true 
conjugate (5) joins the posterior surface 
of the symphysis (retropubic eminence) 
to the promontory. It is the shortest 
diameter of the pelvic inlet (11.5 cm); 
because it is of particular importance in 
parturition, it is also known as the “‘ob- 
stetric conjugate”. As the true conjugate 
cannot be measured directly, it is de- 
duced from the diagonal conjugate as 
the “oblique diameter” (13 cm). The 
diagonal conjugate (6) extends from the 
pubic arcuate ligament to the promon- 
tory and is measured per vaginam. 

The straight conjugate (7) at the pelvic out- 
let represents the connection between 
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the lower border of the symphysis and 
the tip of the coccyx (9.5—10 cm). As its 
length is variable due to the flexibility of 
the coccyx, the median conjugate (8) of 
the pelvic outlet, which connects the 
lower border of the symphysis to the 
lower border of the sacrum (11.5 cm), is 
amore important longitudinal diameter. 
An additional measure is the transverse 
diameter of the pelvic outlet (10-11 cm) 
between the two ischial tuberosities. 
Using a pelvimeter, two distances on 
the pelvis may be measured; the inter- 
spinous distance (9) between the anterior 
superior iliac spines is approximately 26 
cm (Q), and the intercristal distance (10), 
between the furthest lateral points of 
the two iliac crests is 29 cm in the 
female. The external conjugate, the dis- 
tance between the spinous process of 
the 5th lumbar vertebra and the upper 
edge of the symphysis (about 20 cm), 
can also be measured with a pelvimeter. 
In some instances the intertrochanteric 
distance (31 cm) between the two femurs 
is also measured. 


The female pelvis (D, outlined in red) has 
wider projecting iliac alae, transversely di- 
rected obturator foramina and a definite 
pubic arch. The lesser pelvis is larger than in 
the male. 


The male pelvis (D, light gray) has more 
erect iliac alae, longitudinally orientated ob- 
turator foramen and a subpubic angle. 


E Pubic arch, demonstrated by placing the 
hand on it; the arch lies between the thumb 
and the index finger. 


F Subpubic angle, demonstrated by placing 
the hand on it; the angle lies between the in- 
dex and middle fingers. 
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Femur (A-C) 


The femur is the largest long bone in the 
body and is divided into the shaft (1) with 
the neck (2), and proximal and distal ends. 
There is an angle, the angle of inclination 
(see p. 186), between the body and the 
neck which is also known, incorrectly, 
as the collodiaphysial angle. In the shaft 
we distinguish three surfaces: an an- 
terior (3), alateral (4) and a medial sur- 
face (5). The lateral and medial surfaces 
are separated on the dorsal side by a 
rough double-lipped ridge, the /inea 
aspera (6), which is a thickened area of 
compact bone. There is a nutrient fora- 
men near the linea aspera. The medial 
(7) and /ateral (8) lips of the linea aspera 
diverge proximally and distally, and the 
lateral lip ends in the g/utea/ tuberosity 
(9). It is sometimes particularly promi- 
nent and is known then as the 3rd 
trochanter. The medial lip extends to 
the lower surface of the neck. A little 
more lateral to the medial lip we find a 
ledge which descends from the lesser 
trochanter, the pectineal line (10). 


Both proximally and distally the femoral 
shaft loses its triangular form and be- 
comes more four-sided. The head of the 
femur (11) with its navel-like recess, the 
fovea of the head, has an irregular bor- 
der with the neck. The transition from 
the neck to the shaft of the femur is 
marked anteriorly by the intertrochan- 
teric line (12), and posteriorly by the in- 
tertrochanteric crest (13). Immediately 
below the greater trochanter (14) lies 
the trochanteric fossa (15). The /esser 
trochanter (16) projects posteriorly and 
medially. 


The distal end is formed by the epicon- 
dyles, immediately adjacent to which lie 
the medial (17) and lateral (18) con- 
dyles. The two are joined on the ante- 
rior surface by the patellar articular 
surface (19), and they are posteriorly 
separated by the intercondylar fossa 
(20). The latter is demarcated from the 
posterior surface of the shaft by the 
intercondylar line (21), which forms the 
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base of a triangle (= popliteal surface; 
22), the sides of which are formed by the 
divergent lips of the linea aspera. Below 
the /ateral epicondyle (23) lies the pop- 
liteal groove (24) and above the medial 
epicondyle (25) is theadductor tubercle 
(26). 


Ossification 


The perichondrial bony cuff of the shaft ap- 
pears in the 7th intrauterine week. In the 10th 
intrauterine month an endochondral center 
becomes visible in the distal epiphysis 
(sign of maturity). Further ossification 
centers develop in the head of the femur in 
the 1st year of life, in the greater trochanter 
in the 3rd year and in the lesser trochanter 
about the age of 11-12. The proximal epi- 
physis fuses earlier (17-19 years) than the 
distal (19-20 years). 


Patella (D—F) 


The patella is the largest sesamoid bone 
in the human body. It is triangular and 
flattened. The apex (27) faces distally. 
The anterior surface is rough and the 
dorsal surface has an articular facet, di- 
vided by a ridge into a larger lateral (28) 
and a smaller medial (29) face. 


Ossification 


An ossification center develops 
3rd—4th year. 


in the 


Variants 


There is often emargination of the lateral 
proximal edge of the patella. A patella partita 
usually is the result of ossification of a car- 
tilaginous layer, in the same area in which 
there has been emargination, and is almost 
exclusively found in males. It may be distin- 
guished from a fracture by its position and 
shape. 
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F Ossification 
of patella 


D Posterior view 
of right patella 





E Anterior view of 
right patella 
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Femur (A-G) 


The angle formed between the neck and 
the shaft of the femur is called the col- 
lodiaphysial angle or, more correctly, 
the neck-shaft angle, i. e., the angle of 
inclination. In the newborn it is about 
150°, reducing at the age of 3 years (A) 
to 145°. In adults (B) the angle varies be- 
tween 126° and 128°, and in old age (C) it 
reaches 120°. 


Practical Points 


In disease of bone (e.g., rickets), the angle of 
inclination may be reduced to 90°. The angle 
of inclination is decisive for the strength and 
stability of the femur, the smaller the angle, 
the greater the risk of fracture of the neck of 
the femur. The incidence of fractures of the 
neck of the femur in the elderly is related in 
addition to the loss of elasticity of the bony 
tissues, to the reduction in the angle of incli- 
nation. 


The angle of inclination influences the 
relation of the femoral shaft with re- 
spect to the weight-bearing line of the 
leg. The weight-bearing line of the 
(healthy) leg lies a straight line from the 
middle of the femoral head through 
the middle of the knee joint to the 
middle of the calcaneus. The plane 
which passes through the lower surface 
of the femoral condyles is at right 
angles to this vertical line. This pro- 
- duces an angle between the axis of the 
shaft of the femur and the weight- 
bearing line. This angle is related inter 
alia to the angle of inclination and is 
important in relation to the correct 
position of the lower limb (see also 
p. 202). 


Pathologic changes in the angle of in- 
clination result in abnormal posture of 
the legs. An abnormally small angle of 
inclination produces coxa vara (D), and 
an abnormally large angle coxa valga (E). 
The ‘latter is usually combined with 
varum (see p. 202), as any change in the 
shape of the femur naturally must affect 
the knee joint. A coxa vara leads to 
genu valgum (see p. 202). 
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The femur also has a torsion angle (F). If 
a line drawn through the neck of the 
femur is superimposed on a line drawn 
transversely through the condyles, an 
angle will be produced. In a European 
the mean angle is 12°, with arrange from 
4° to 20°. The torsion angle, which is as- 
sociated with the inclination of the pel- 
vis, makes it possible for flexion move- 
ments of the hip joint to be transposed 
into rotatory movements of the head of 
the femur. 


Abnormal values for the torsion angle 
result in atypical postures of the lower 
limbs. If the torsion angle is increased, 
the limb is turned inward, and if it is de- 
creased or absent, the limb is turned 
out; both postures result in a reduced 
range of mobility to one side. 


Practical Points 


In the moderately flexed hip, the tip of the 
greater trochanter does not rise above a line 
which joins the superior anterior iliac spine 
to the ischial tuberosity. This theoretical line 
is known as the Roser-Nélaton line (G). In a 
case of fracture of the neck of the femur, ora 
dislocation, these three points no longer lie 
on a straight line. Thus, the Roser-Nélaton 
line may be of help in the diagnosis of frac- 
tures, although its practical value is dis- 
puted. 
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Hip Joint (A—D) 
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iliofemoral ligament (10), 


the _is- 
and the 


chiofemoral ligament (12) 
The articular surfaces of the hip joint EG). The last 


are formed by the lunate surface of the 
acetabulum (1) and the femoral head (2). 
The lunate surface of the joint cavity 
presents a section of a hollow sphere 
and is extended beyond the equator by 
the acetabular lip (3). The acetabular lip 
consists of fibrocartilaginous ma- 
terial. The lunate surface and the lip 
cover two-thirds of the femoral head. 
The bony socket is incomplete and 
closed inferiorly by the transverse 
acetabular ligament (4). The /igament of 
the head of the femur (6), which is cov- 
ered by a synovial membrane, extends 
from the acetabular fossa, where there 
is a fatty cushion (5), to the head of the 
femur. This ligament contains the artery 
to the head of the femur, which comes 
from the acetabular branch of the ob- 
turator artery. 


The middle part of the upper rim of the 
acetabulum appears thickened in 
radiographs and may be called the roof 
of the socket. 


The joint capsule is attached to the hip 
bone outside the acetabular lip, so 
that the latter projects freely into the 
capsular space. The capsular attach- 
ment (8) at the circumference of the 
head of the femur lies at about the same 
distance from the cartilaginous rim of 
the head of the femur. Therefore the ex- 
tracapsular part of the neck is shorter in 
frontthan at the back. Anteriorly the line 
of attachment is in the region of the in- 
tertrochanteric line (7), while pos- 
teriorly this line (8) is a fingerbreadth 
away from the intertrochanteric crest 


(9). 


Hip Joint Ligaments. Among these liga- 
ments is the strongest in the human 
body, the..iliofemoralligament (10), 
which has a tensile strength of 350 kg. 
There are five ligaments, of which four 
are extra—and oneis intracapsular. The 
extracapsular ligaments are the zona or- 
bicularis or circular fibers (11), the 


three ligaments strengthen the capsule 
and, at the same time, preventanexces= 
sive range of movement» The zona 
orbicularis lies like a collar around the 
narrowest part of the neck of the femur. 
On the inner surface of the capsule it is 
to be seen as a distinct circular eleva- 
tion, and externally it is covered by the 
other ligaments, which partly radiate 
into it. The head of the femur projects 
into the zona orbicularis like a button in 
a button-hole. Together with the 
acetabular lip and atmospheric pres- 
sure, the zona orbicularis serves as an 
additional arrangement to maintain 
contact between the head and the 
socket. 

The ligament of the head of the femur 
runs within the capsule. Those regions of 
the capsule which are not strengthened 
by ligaments represent areas of weak- 
ness. 


Practical Points 


During inflammatory processes, e.g., effu- 
sions into the joint, the weaker areas are 
pushed outward and become very pressure- 
sensitive. Luxations tear the capsule and 
the ligament of the head of the femur with 
the artery of the head of the femur may be 
severed. This may produce nutritional de- 
ficiencies in the head of the femur (necrosis 
of the femoral head). 
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Hip Joint (continued) 


Ligaments of the Hip Joint (A—B) 


The iliofemoral ligament (1), also 
known as Bertin’s or Bigelow’s liga- 
ment, arises from the anterior inferior 
iliac spine (2) and the rim of the aceta- 
bulum and extends to the jntertroch- 
anteric line (3). It has a strong lateral 
part (4), which lies further cranially and 
runs parallel to the axis of the neck, and 
a weaker medial part (5) lying further 
caudally and running parallel to the 
axis of the shaft. The two parts, of which 
the lateral portion is twisted like a 
screw, act differently and form roughly 
the outline of an inverted Y. In the up- 
right position, .with the pelvis tilted 
posteriorly, the twist and tension of this 
ligament permits the stance to be 
maintained without muscular activity 
and prevents the trunk from falling 
backward. In addition, the iliofemoral 
ligament keeps the head of the femur in 
contact. with the socket. When the 
thighs are flexed, there is a reduction in 
tension in both iliofemoral ligaments, 
which allows the pelvis to tilt a little 
further back, so that the sitting posture 
becomes possible. The thicker, lateral 
part of the ligament prevents.lateral 
rotation and adduction of the femur: 
The medial part restricts medial rota- 
tion. When the thigh is flexed, the entire 
ligament becomes lax, so that a much 
greater degree of rotation is possible. 


The ischiofemoral ligament (6) arises 
from theischium below the acetabulum 
and runs almost horizontally over the 
neck of the femur to the attachment of 
the lateral part of the iliofemoral liga- 
ment. In addition it radiates into the 
zona orbicularis (7). It prevents medial 
rotation of the thigh. 


The pubofemoral ligament (8), the 
weakest of the three ligaments, arises 
from the obturator crest and the adja- 
cent part of the obturator membrane (9). 
It radiates into the capsule, specifically 
into the zona orbicularis (7), and continues 
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by way of this into the femur. It restricts 
movements of abduction. 


The intracapsular ligament of the head 
of the femur extends from the acetabu- 
lar notch to the fovea of the head of the 
femur. It does not serve to maintain con- 
tact between these structures. When 
the hip is dislocated, it may prevent 
further displacement to a certain de- 
gree, since only then does it become 
stretched. 


Movements of the Hip Joint 


In life, muscle tone restricts joint 
movement, most noticeably when the 
extended limb is anteriorly elevated. 


Movements of the hip joint include flex- 
ion (anteversion) and extension (retro- 
version), abduction and adduction, and 
circumduction and rotation. Flexion 
and extension occur about a transverse 
axis through the head of the femur. With 
the knee bent, the thigh may be raised 
against the abdomen. This movement 
of flexion is much greater than that of 
extension, which can only be executed 
slightly beyond the vertical. 


Abduction and adduction occur about an 
anterior-posterior axis through the femoral 
head. 


Rotation of the femur occurs around a 
(vertical) axis through the head of the femur 
and the medial femoral condyle. With the 
leg extended, a rotation of 60° is 
possible. 


Circumduction is a compound movement in 
which the leg describes the surface of 
an irregular cone, the apex of which lies 
in the head of the femur. 


10 Acetabular lip, 
11 Ischial tuberosity, 
12 Greater trochanter. 
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The bones of the leg are the tibia, or 
shinbone, and fibula. The tibia is the 
stronger bone which alone provides 
the connection between the femur and 
the bones of the ankle and foot. 


Tibia (A-D) 


The tibia has a somewhat triangular 
shaft (1) and proximal and distal ends. At 
the proximal end lie the medial (2) and 
lateral (3) condyles. The proximal sur- 
face, the superior articular facet, is in- 
terrupted by the intercondylar emi- 
nence (4). This elevation is subdivided 
into a medial (5) and a lateral (6) inter- 
condylar tubercle. In front of and be- 
hind the eminence lie the anterior (7) 
and posterior‘ (8) intercondylar area 
On the outward-facing overhang of the 
lateral condyle there is a small articular 
surface, directed laterally and distally, 
for articulation with the fibula (9). The 
three-sided shaft of the tibia has a sharp 
anterior margin (10), which proximally 
becomes the tibial tuberosity (11) and is 
flattened distally. It separates the me- 
dial surface (12) from the /ateral surface 
(13). The lateral surface joins the pos- 
terior surface (15) at the interosseous 
margin (14). The posterior surface is 
separated from the medial surface by 
the medial margin (16). Proximally on 
the posterior surface of the shaft of the 
tibia is a slightly roughened area, the 
soleal line (17), extending obliquely 
from the distomedial side to the proxi- 
molateral side. Lateral to this there is a 
nutrient foramen (18) of varying size. 


The distal end is prolonged medially to 
form the medial malleolus (19) with its 
malleolar articular surface. The malleo- 
lar groove (20) runs along its posterior 
surface. Theinferior articular surface of 
the tibia, which lies on the lower surface 
of the distal end of the tibia, articulates 
with the talus. On the lateral side, in the 
fibular notch (21), there is a syndesmo- 
tic connection, I. e., a fibrous joint, with 
the fibula. 
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In the adult the proximal end of the tibia 
is bent slightly backward. We speak of 
retroversion or an actual backward tilting 
of the tibia. The angle between the tibial 
condyle and the horizontal averages 4° 
to 6°. In the last intrauterine months this 
initially very small angle increases to 
about 30°. In the first months after birth, 
and more especially when learning to 
stand upright, the angle becomes 
smaller. The tibia also shows torsion, 
i. e., rotation between its proximal and 
distal ends. This is often present in 
adults and is attributed to increased 
growth of the medial tibial condyle. 


Ossification 


In the shaft of the tibia perichondral ossifica- 
tion begins in the 7th intrauterine week, an 
endochondral ossification center develops 
at the proximal end in the 10th month or in 
the 1st year, and an endochondral osseous 
center in the distal epiphysis appears at the 
beginning of the 2nd year. The distal epi- 
physis fuses first, between the ages of 17 
and 19 and the proximal epiphysis fuses 
later, between the ages of 19 and 20 years. 
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A Anterior view of 
right tibia 


B Superior view of right tibia 
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Fibula (A—D) 


The fibula corresponds approximately 
in length to the tibia, but is a slimmer 
and therefore more flexible bone. It, 
too, consists of two extremities: and a 
shaft. The proximal end is the head of the 
fibula (1) with its articular facet (2) and 
a small protuberance, the apex of the 
fibular head (3). The shaft of the fibula (4) 
is approximately triangular in its middle 
part and has three margins and three 
surfaces. In the distal third there is a 
fourth margin. The sharpest edge is the 
forward-facing anterior margin (5), 
which separates the /atera/ (6) from the 
medial (7) surface. The medial crest (8) 
separates the medial surface from the 
posterior surface (9). It is separated 
from the /ateral surface (6) by the 
posterior margin (10). On the medial 
surface there is a low but very sharp 
bony ridge, the interosseous margin 
(11), to which the interosseous mem- 
brane (12) is attached. Approximately in 
the center of the posterior surface or on 
the posterior margin, there is a nutrient 
foramen. On the lateral surface of the 
distal end, which expands distalward, 
there is the large, flat /ateral malleolus 
(13) with a facet for articulation with the 
talus on its inner surface (14). On the 
posterior surface there is a deep 
groove, the /ateral malleolar fossa (15), 
to which the posterior talofibular liga- 
ment is attached. 


Ossification 


The perichondral bony cuff develops in the 
region of the shaft in the 2nd intrauterine 
month. An endochondral _ ossification 
center develops in the malleolus in the 2nd 
year and in the head of the fibula in the 4th 
year. The distal epiphysis fuses earlier, be- 
tween the ages of 16 and 19, and the proxi- 
mal somewhat later, between 17 and 20 
years. The junction line of the proximal epi- 
physis runs below the head of the fibula, and 
that of the distal epiphysis above the 
malleolus. Clinically, care must be taken 
not to confuse these epiphysial disks, 
particularly that of the distal epiphysis, 
with fracture lines. 


f 
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A Medial view of 
right fibula 


C Section trough fibula and 
tibia with interosseous 8 
membrane 
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Knee Joint (A-C) 


The knee joint is the largest joint in the 
human body. Itisamodified hinge joint, 
a trochoginglymus permitting a small 
amount of rotation. 


x 


The articular surfaces of the knee joint 
consist of the femoral condyles and the ti- 
bial condyles. The incongruence of these 
joint surfaces is compensated for by a 
relatively thick cartilaginous covering 
and by menisci. In addition to the tibia 
and femur, the patella also forms part of 
the knee joint. The femoral condyles di- 
verge to some extent distally and pos- 
teriorly. The /ateral condyle is wider in 
front than at the back, while the medial 
condyle is of more constant width. In 
the transverse plane the condyles are 
only slightly bent on a sagittal axis. 
In the sagittal plane, the curvature in- 
creases toward the back, i. e., the radius 
of curvature becomes smaller. The cen- 
ters of the curvature lie on a spiral, i. e., 
there is no single transverse axis, but 
innumerable ones. Therefore, when the 
knee is bent, the collateral ligaments 
are relaxed (see p. 200). In addition, the 
medial condyle curves about a vertical 
axis (curvature of rotation). The 
superior tibial articular surface is 
formed by the condyles, which are 
separated by the intercondylar emi- 
nence, and both intercondylar areas. 
The ridged articular surface of the 
patella (1) lies directly upon the patellar 
surface of the femur when the knee is 
fully extended. In flexion, the patella is 
displaced distally. The wide, lax capsule 
(2) is thin in front and at the side and is 
strengthened by ligaments. The syno- 
vial membrane is attached to the femur 
(3) at some distance from the margin of 
the articular cartilage. The epicondyles 
lie outside the capsule. On the tibia (4) 
the capsule is attached immediately be- 
low the articular surface of the tibia. The 
patella is inserted into the anterior wall 
of the capsule. 


The large articular cavity of the knee has 
a complicated structure. Anteriorly 
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there is a wide infrapatellar fatty pad (5) 
with two alar folds (6). From the fatty 
pad, the infrapatellar synovial fold (7) 
runs toward the anterior cruciate liga- 
ments. This fold extends freely into the 
joint and is the remnant of a primitive 
fold that divided the knee joint into two 
compartments. The fold is a continua- 
tion of the synovial membrane which in- 
vests both cruciate ligaments and runs 
up to the patella. 


The special features of the knee joint are 
ligaments, menisci and communicating bur- 
sae. 


See The ee en (8)-is» 





‚tuberosity (9). The lateral patellar re- 
tinaculum (10) and the medial patellar re- 
tinaculum (11) arise laterally from the 
tendon of the quadriceps femoris and 
run toward the tibia, where they are at- 
tached close to the sides of the tibial 
tuberosity. The two main ligaments at 
the sides are the medial (12) and lateral 
(13) collateral ligaments. The triangular, 
flattened medial collateral ligament ex- 
tends from the medial epicondyle to the 
medial surface of the tibia, where it 
fuses with the capsule and the medial 
meniscus. The rounded lateral collat- 
eral ligament extends from the lateral 
epicondyle to the head of the fibula. It is 
not in contact with the capsule or the 
lateral meniscus. 


On the posterior surface the oblique pop- 
liteal ligament (ligament of Winslow) 
represents the lateral emanation of the 
tendon of the semimembranosus and 
extends laterally proximal to the origin 
of the lateral head of the gastro- 
cnemius. 


The arcuate popliteal ligament lies in the 
region of the lateral femoral condyle in 
close relationship with the popliteus. 


14 Suprapatellar bursa. 


4 
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A Anterior view of right knee joint 


B Right knee joint, opened; 
patella reflected distally 
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Knee Joint (continued, A-B) 


A further group of ligaments of the 
knee are the cruciate ligaments. They 
serve in particular to maintain contact 
during rotatory movements, when the 
collateral ligaments are relaxed in the 
flexed position. 


The anterior cruciate ligament (1) extends 
from the anterior intercondylar area of 
the tibia to the medial surface of the lat- 
eral condyle of the femur. 


The posterior cruciate ligament (2) is 
stronger than the anterior. It runs from 
the lateral surface of the medial femoral 
condyle to the posterior intercondylar 
area. 


The menisci consists of dense col- 
lagenous connective tissue and carti- 
lage-like cells. They contain no vessels 
or nerves. In transverse section they are 
flattened toward the interior. The medial 
meniscus (3) is semicircular in shape and 
is fused with the medial collateral liga- 
ment (4). The lateral meniscus (5) is al- 
most circular, its points of attachment 
being close together. It does not fuse 
with the capsula or the lateral collateral 
ligament (6) and is therefore more 
mobile. The lateral meniscus may be at- 
tached to the inner surface of the medial 
femoral condyle by ligaments. From its 
posterior horn (see below) the posterior 
meniscofemoral ligament (ligament of 
Robert or ligament of Weisberg) (7) 
frequently extends dorsal to the 
posterior cruciate ligament (2). Less 
frequently an anterior meniscofemoral 
ligament (ligament of Humphrey) (8) is 
noted ventral to the posterior cruciate 
and extending to the medial femoral 
condyle. In an even smaller number of 
cases (see Fig. C) both ligaments are 
present. The two menisci are connected 
and fixed anteriorly by the transverse 
ligament of the knee (9). The lateral 
meniscus is more mobile than the 
medial one and can be displaced 
further during movements of the knee 
joint. However, during lateral rotation 
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of the leg because of its attachment to 
the less mobile medial meniscus, it is 
especially vulnerable to tearing. 


Practical Points 


Clinicians differentiate an anterior and a 
posterior horn in each meniscus. Menisci 
may be torn by continuous excessive force 
or by uncoordinated movements. Damage 
to the medial meniscus is about 20 times 
more frequent than to the lateral meniscus 
because of its more limited mobility. There 
may be a /ongitudinal tear (bucket-handle 
tear) or fracture of the anterior or posterior 
horn. After partial surgical removal of a 
meniscus, meniscoid tissue may be formed, 
which takes over the function of the menis- 
cus. The meniscofemoral ligaments may 
cause difficulties during operations on the 
posterior horn. 


There are numerous bursae around the 
knee joint, some of which communicate 
with the articular cavity. The largest of 
these is the suprapatellar bursa, which 
lies anteriorly and increases the joint 
space proximally. Posteriorly lie the 
subpopliteal recess and the bursa of the 
semimembranosus (Brodie’s bursa), 
both of which are much smaller. At the 
origin of the two heads of the grastro- 
cnemius are the subtendinous bursae 
of the lateral and medial head of the 
gastrocnemius. The non-communicat- 
ing synovial bursae include the prepa- 
tellar bursa, which is found subcutane- 
ously immediately in front of the pa- 
tella, and the deep infrapatellar bursa. 
The latter may communicate with the 
joint space in some cases. 
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A Right knee joint, anterior 
view of cruciate ligaments 


B Right knee joint, 
posterior view of 
cruciate ligaments 
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Knee Joint (continued) 


Movements of the Knee Joint (A-E) 


The knee joint may be flexed and ex- 
tended, and in the flexed position rota- 
tion is possible. 


In the extended knee (A) both collateral 
ligaments (1,2) are taut. During the ex- 
tension femoral condyles glide into the 
almost extreme position in which the 
medial collateral ligament (1) is com- 
pletely expanded. During the last 10° 
before complete extension there is an 
obligatory terminal rotation of about 5° and 
both lateral ligaments become taut; at 
the same time there is slight separation 
of the cruciate ligaments (3, 4). Final ro- 
tation of the non-weight bearing active 
leg is produced by lateral rotation of the 
tibia, and in the weight-bearing (stand- 
ing) leg through medial rotation of the 
thigh. In the position of extreme exten- 
sion, the collateral (1, 2) and cruciate 
ligaments are tensed (A). 


Normal extension is 180°, although in 
children and adolescents the leg may be 
overextended by about 5°. In the new- 
born maximal extension is impossible 
because of the physiological occur- 
rence of tibial retroversion (see p. 192). 


In the flexed knee (B), the collateral li- 
gaments (1, 2) are relaxed. Rotation is 
possible in the flexed position. The ex- 
tent of medial rotation (C) of the leg is 
less than that of lateral rotation. During 
medial rotation of the tibia on the femur, 
the cruciate ligaments are twisted 
around each other and so prevent any 
considerable amount of medial rota- 
tion. During lateral rotation, the cruciate 
ligaments become unwound. The limit 


_ of lateral.rotation is determined by the ~ 


_ medial ‘collateral “ligament; its max- 
imum extent is 45° to 60°. The amount of 
rotation-can be verified by movement of 
the head of the fibula(5), when the leg is 
lifted from the ground. 


Because of the oblique position of the 
cruciate ligaments, in every position 
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one cruciate ligament, or part of one, is 
always tensed. They assume, in any 
case, the command in the joint as soon 
as the collateral ligaments become in- 
adequate, i.e., the cruciates maintain 
stability when the collaterals relax. 


During rotation the femur and menisci 
(6) move over the tibia, and during 
flexion and extension the femur glides 
over the menisci, so that we may con- 
sider the knee as a “mobile joint’’. 


Practical Points 


The relatively large and incongruent joint 
surfaces are subjected to considerable 
stress and they often show damage to the 
cartilaginous covering in old age and also 
bony changes. In the case of a ruptured 
cruciate ligament (D), the so called “drawer 
phenomenon” (E) is observed, i. e., in the 
flexed position (with the collateral ligaments 
relaxed) the leg can be pushed forward (ar- 
row). 
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A Extension 







C Medial rotation 






“Drawer phenomenon” 
anterior displacement of 
tibia when cruciate liga- || 
ment is severed 


D Torn anterior 
cruciate ligament 
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Attitude of Lower Limb (A-C) 


Irrespective of the angle of inclination 
of the femur (see p. 186), the alignment 
orshape of the lower extremity depends 
on the correct development of the knee 
joint. A misalignment of the lower limb 
will cause abnormal loading and early 
signs of deterioration of the knee joint. 


If the knee joint is developed normally, 
the limb is straight (genu rectum, A). In 
that case the weight-(bearing) carrying 
line (1) runs through the middle of the 
head of the femur (2), the middle of the 
knee joint and, when extended, also 
through the middle of the calcaneus (3). 


When the weight-bearing line is dis- 
placed laterally (1), i.e., it runs through 
the lateral femoral condyle (4) or the 
head of the fibula (5) the condition 
is known as genu valgum or “knock- 
knee” (B). Inthis casethe‘ 
eral ligament (6) will.be. overstretched _ 
and there is.excissive stress on the lat- 
eral meniscus: (7), the cartilage- 
covered articular surface of the lateral 
femoral condyle (4) and the lateral 
condyle of the tibia (8). The joint space 
is larger on the medial than on the 
lateral side. In genu valgum we have in- 
creased end rotation. In a case of 
“knock-knees”’ the medial surfaces of 
the legs near the knee joints touch, 
while the medial maleoli elsewhere 
have no contact. 


When the weight-bearing line (1) runs 
through the medial femoral condyle (9) 
or medial to it, the condition is known as 
genu varum (C) or ‘‘bowleg’’. The later- 
al collateral ligament (10) is over-ex- 
“ tended, and there is increased stress 
and wear and tear on the medial menis- 
cus (11) and on the cartilage covering of | 
the articular surfaces. In the region of 
the knee joint the legs cannot be made 
to touch. In genu varum the legs cannot 
be completely extended, so terminal 
rotation cannot occur. 


ilat- 
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Connections Between the 
Tibia and the Fibula (D) 


The tibiofibular joint (12) is an almost 
immobile synovial joint (amphiarthrosis) 
between the head of the fibula (13) and 
the inferior surface of the lateral tibial 
condyle (14). It has a taut capsule, which 
is reinforced by the ligaments of the 
head of the fibula. \t is also known as a 
compensation joint because, during max- 
imal forward dorsiflexion in the ankle 
(talocrural) joint, there is expansion of 
the malleolar mortise, and this results in 
a compensatory movement in the 
tibiofibular joint. 


In addition to the synovial joint between 
the leg bones, the interosseous mem- 
brane of the leg (15), as a fibrous joint, 
fixes the two bones. The fibers in the 
interosseous membrane run inferiorly 
from the tibia to the fibula and are very 
tense. 


At the distal end of the two bones is the 
tibiofibular syndesmosis (16). This 
consists of an anterior tibiofibular liga- 
ment, a relatively flat ligament which 
runs obliquely over the anterior sur- 
faces of the distal ends of both bones, 
and the posterior tibiofibular ligament 
on their posterior surfaces. The fiber di- 
rection of the posterior ligament is more 
horizontal. Both ligaments are only very 
slightly extensible, so that during dor- 
siflexion slight displacement of the leg 
bones from each other is possible. 


17 Semitendinosus, gracilis and sar- 
torius, strongly loaded, 

18 Biceps femoris and iliotibial tract, 
strongly loaded. 
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D Connections between 
tibia and fibula 


A-C Posture of the lower limb and knee joint 
(after Lanz-Wachsmuth) 
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Bones of the Foot (A-G) 


The skeleton of the foot may be divided 
into the tarsus, the metatarsus and the 
digits. The tarsus consists of seven 
bones, the talus, calcaneus, navicular, 
cuboid and the three cuneiform bones. The 
metatarsus consists of five metatarsals, 
and the digits are formed by the 
phalanges. 


The talus (A—C) transmits the weight of 
the entire body to the foot. We distin- 
guish in it a head (1), a body (2) and a neck 
(3). The head of the talus carries the 
navicular articular surface for articula- 
tion with the navicular bone, and the 
neck of the talus has small vascular 
channels and roughened areas. On the 
body of the talus we distinguish the 
trochlea (4) and behind this a posterior 
talar process with lateral (5) and medial 
(6) tubercles. Immediately adjacent 
to the medial tubercle is the groove for 
the tendon of the flexor hallucis longus 
(7). The trochlea of the talus and its 
superior surface are wider in front than 
at the back. On the lateral side, the 
superior surface blends with the /ateral 
malleolar surface (8), which extends 
onto the lateral talar process (9). Me- 
dially lies the smaller medial malleolar 
surface (10). The three joint surfaces 
serve for articulation with the malleolar 
-mortise. As an inferior continuation of 
the navicular articular surface we find 
the anterior calcaneal articular surface 
(11). 


Continuous with the anterior calcaneal 
articular surface (infrequently there is 
an intermediate cartilage-free zone) lies 
the middle calcaneal articular surface 
(12). Posterior to the latter the ta/ar sul- 
cus (13) and the large posterior cal- 
caneal articular surface (14) are found. 


Ossification 
An ossification center appears in the talus in 
the 7th—8th intrauterine month. 


Variants 
In exceptional cases, the lateral tubercle of 
the posterior talar process forms an inde- 
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pendent bone, the “os trigonum’’ or acces- 
sory talus. 


The calcaneus (D-G) is the largest tar- 
sal bone. Posteriorly it bears the large 
tuber calcanei (15) which has two for- 
ward-facing processes at the point of 
transition onto its lower surface, the /at- 
eral and medial processes of the tuber 
calcanei. The Achilles tendon is in- 
serted into the roughened area on the 
tuber calcanei. Anteriorly there is the 
surface for articulation with the re 
bone (16). On the upper surface o 

calcaneus, there are normally EN, 


ticular surfaces, the anterior (17), mid- 


Je HELANEROSIEHAEK! SLinlananen Dr 
_ surfaces. etween the latter two lies the 


calcaneal sulcus (20), which, together 
with the talar sulcus (see above), forms 
the tarsal sinus. The two anterior articu- 
lar surfaces may be joined together. On 
the medial surface, the sustentaculum tali 
(21) projects outward. It bears the mid- 


“die talar articular facet. Inferiorly lies 


the groove for the tendon of the flexor 
hallucis longus (22). In most cases 
thereis a slightly elevated bony tubercle 
on the lateral surface of the talus, the 
peroneal. trochlea (23), under which 
runs the groove for the tendon of the 
peroneus longus (24). 


Ossification 


A bony center develops in the calcaneus in 
the 4th—7th intrauterine months. 


Practical Points 


In some cases there is a forward directed 
bony process, the calcaneal spur, arising from 
the medial tuberal process, from which vari- 
ous muscles of the sole of the foot arise. A 
calcaneal spur may be very painful. 
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7th—8th i.u.m. 


C Ossification of talus 





B Inferior view of right 
talus 





E Medial view of right calcaneus 





D Superior view of right calcaneus 





F Lateral view of right calcaneus 


G Ossification of calcaneus 


- 
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Bones of the Foot (continued 
A-P) 


The navicular(A—C) articulates with the 
talus and with the three cuneiform 
bones. A concave articular surface 
faces the head of talus. The tuberosity 
of the navicular (1) is directed plantarly 
and medially. Anteriorly there are three 
joint surfaces separated only by small 
crests for the three cuneiform bones. 


Ossification 


An ossification center develops in the 
3rd—4th year. 


The cuboid (D-F) is shorter laterally 
than medially. .Distally there are joint 
surfaces for the 4th and 5th metatarsal 
bones separated by a ridge. Medially 
lies the joint surface for articulation 
with the lateral cuneiform bone, and 
sometimes, behind it, we find a small 
area for articulation with the navicular. 
The surface for articulation with the 
calcaneus is directed posteriorly. On 
the inferior surface, the tendon of the 
peroneus longus runs in a groove (2), 
and posterior to it is a transverse ridge, 
the tuberosity of the cuboid (3). 


Ossification 
The ossification center in the cuboid devel- 


ops in the 10th intrauterine month (sign of 
maturity). 


The three cuneiform bones (G—P) differ 
from each other in size and position in 
the skeleton of the foot. The medial 
(G, H) is the largest and the intermediate 
(J, K) is the smallest of the cuneiform 
bones. The broad surface of the medial 
cuneiform faces the sole of the foot, 
while the intermediate and lateral (L, 
M) cuneiform have their sharp edges di- 
rected plantarward. All three cuneiform 
bones have articular surfaces pos- 
teriorly for articulation with the navic- 
ular (4). Distally and directed toward 
the digits are articulations for the meta- 
tarsals. The medial cuneiform articu- 
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lates with the 1st metatarsal and, toa 
small extent, with the 2nd metatarsal, 
while the lateral cuneiform has joint 
surfaces for articulation with the 3rd 
metatarsal, a small facet for the 2nd 
metatarsal and sometimes an equally 
small facet for the 4th metatarsal. The 
intermediate cuneiform articulates 
distally only with the 2nd metatar- 
sal. The three cuneiform bones also ar- 
ticulate with each other. In addition, the 
lateral cuneiform has a joint surface for 
articulation with the cuboid. 


Ossification 


Ossification centers appear in the medial 
cuneiform in the 2nd—3rd year, in the inter- 
mediate cuneiform in the 3rd year, and in the 
lateral cuneiform in the 1st—2nd year. 
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A Posterior view of right Pieeeicatonel 
2 Ku navicular ; : ‘ 
navicular B Anterior view of right 
navicular 





F Ossification of 
cuboid 





E Plantar view of right 
cuboid 
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G Medial view of right Medial view of right L Medial view of right 


medial cuneiform intermediate cuneiform lateral cuneiform 





H Lateral view of right Lateral view of right M Lateral view of right 
medial cuneiform intermediate cuneiform lateral cuneiform 
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Bones of the Foot (continued 
A-B) 


The five metatarsals are long bones 
and are convex dorsally. All of them 
possess a base (1), ashaft (2) andahead 
(3). The 1st metatarsal is the shortest 
and thickest. There is atuberosity at the 
base of the 1st metatarsal on its plantar 
surface. In the region of this tuberosity 
and lateral to it, the bone articulates lat- 
erally with the base of the 2nd metatar- 
sal, and posteriorly via a curved surface 
with the medial cuneiform (4). On its 
anterior end the head carries, on its 
plantar surface a small ridge, and on 
either side of it there are two small 
grooves. In these are regularly found 
two small sesamoid bones (5). The 2nd, 3rd 
and 4th metatarsals are slimmer and their 
bases are wider dorsally than on their 
plantar sides. On their sides facing one 
another there are joint surfaces for ar- 
ticulation with each other, and pos- 
teriorly joint surfaces for the cuneiform 
und the cuboid bones. The heads of 
these three metatarsal bones are com- 
pressed laterally so that they ressemble 
rollers. The 5th metatarsal bone differs 
in that it has a tuberosity (6) on the lat- 
eral side of its base. 


Bones of the Digits. The 2nd—5th digits 
each have a proximal, middle and distal 
phalanx, while the 1st digit has only two 
phalanges. Each phalanx has abase (7), 
a shaft (8) and a head (9). The distal 
phalanx (10) has a dista/ tuberosity. 


Variants 

Occasionally, inthe 5th digit the middle and 
distal phalanges may be joined. This may al- 
ready be the case in the cartilaginous stage 
before birth. 


Sesamoid Bones. Near the metatar- 
sophalangeal joints there may be many 
sesamoid bones, although they are only 
present regularly in the region of the 
head of the 1st metatarsal. 


Ossification 


The cartilaginous metatarsal anlagen de- 
velop a perichondral bony cuffin the shaft in 
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the 2nd—3rd intrauterine month, and occa- 
sionally there is also an epiphysial ossifica- 
tion center. Like the metacarpals, the epi- 
physial bony center of the 1st metatarsal 
is in its base, in the other metatarsals it is al- 
ways in the head. The epiphysial endochon- 
dral ossification centers develop in the 2nd 
—4th years. In some instances there may be 
additionally a 2nd epiphysial anlage in the 
ist and 5th metatarsal bones. 


Epiphysial centers appear in the base of the 
phalanges in the 1st—5th year, while peri- 
chondral ossification in the shaft develops 
in the 2nd—8th intrauterine month. They 
fuse during puberty. The individual bony 
anlagen are relatively variable and their 
times of appearance can be different, so the 
figures quoted here should only be taken as 
a general guide. 
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2nd—8th i.u.m. . 
1st—5th y. 


2nd-3rd 
i.u.m. 





2nd—4th y. 


B Ossification 


A Dorsal view of metatarsals and phalanges of 
right foot 
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Joints of the Foot (A-C) 


The joints of the foot may be divided 
into the ankle (talocrural) joint and the sub- 
talar and talocalcaneonavicular joints. In 
addition, there is the calcaneocuboidal 
joint and the cuneonavicular joint. The tar- 
sometatarsal joints are articulations be- 
tween the tarsals and metatarsals, and 
the intermetatarsal joints between the 
bases of the metatarsals. There are 
metatarsophalangeal joints between the 
metatarsals and the phalanges. There 
are also interphalangeal joints. 


Ankle Joint 


The articular surfaces of the talocrural 
joint are formed by the malleolar mor- 
tise (1) and the superior surface ofthe 
talar trochlea along with its medial and 
lateral malleolar surfaces. The tibia and 
fibula form a mortise or “clasp” for the 
roll of the talus (see p. 204). The joint 
surface of the fibula extends further 
distally than the tibia. 


The joint capsule (2) is attached to the 
margins of the cartilaginous layer of the 
articular surfaces. The joint cavity con- 
tains anterior and posterior synovial 
folds. 


Ligaments of the Ankle Joint. The largest li- 
gament on the mesial side ithe deltoid 
(or medial) ligament (3), which consists 
of tibionavicular (4), tibiocalcaneal (5) 
"and anterior and posterior (6) tibiotalar, 
parts. The tibionavicular part (4) ex- 
tends from the tibia (7) to the navicular 
(8) and covers the anterior tibiotalar 
part, which reaches to the neck of the 
talus. The tibiocalcaneal part (5) runs to 
the sustentaculum tali (9) and partly 
covers the tibionavicular part (4). Other 
ligaments include the anterior talofibu- 
lar ligaments (10), the posterior talo- 
fibular ligament and the calcaneofibu- 
lar ligament (11). The anterior talofibu- 
lar ligament connects the lateral mal- 
leolus to the neck of the talus. The 
posterior talofibular ligament runs al- 
most horizontally from the lateral 
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malleolar fossa to the posterior talar 
process. The joint capsule bulges distal 
and proximal to this ligament. The 
malleolar mortise is fixed by the ante- 
rior (12) and posterior tibiofibular liga- 
ments. 


Movements. Both plantar and dorsiflexion 
are possible. In plantar flexion, as the 
trochea of the talus is smaller posterior- 
ly which leaves more free play in the 
mortise, slight side-to-side movement 
is possible. The ankle jointis a hinge joint 
with a transverse axis, beginning just be- 
neath the tip of the medial malleolus 
and running through the thickest part of 
the lateral malleolus. The range of 
movement of the ankle joint between 
maximal dorsal and plantar flexion is up 
to 70°. 


Practical Points 


Two joint lines permit amputation of the 
fore-foot or of the fore- and mid-foot. . 
Chopart’s joint line (C, red) is incorrectly 
called the ‘transverse tarsal joint.” It runs 
between the talus (13), calcaneus (14), navi- 
cular (8) and cuboid (15). The bifurcate liga- 
ment (16; see p. 214) is also considered the 
key feature, as division of it is the prerequi- 
site to the opening of Chopart’s joint line. 
Lisfranc’s joint line (C, blue) lies between 
the tarsals and the metatarsals. It should be 
noted that the 2nd metatarsal (17) projects 
proximally, so the line is not straight. 


18 Plantar calcaneocuboid ligament, 

19 Long plantar ligament, 

20 Medial cuneiform, 

21 Intermediate cuneiform, 

22 Lateral cuneiform, 

23 Medial tubercle of the posterior talar 
process, 

24 Plantar calcaneonavicular ligament. 
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C Section through tarsal 
region 





B Medial view of joints of foot 
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Joints of the Foot (continued 
A-B) 


Subtalar and Talocalcaneonavicular 
Joints 


Although separate, these joints act in 
unison. The articular surfaces of the subta- 
lar joint are formed by the talus and the 
clacaneus. The capsule is loose and thin 
and is strengthened by the medial and 
lateral (1) talocalcaneal ligaments. 


The talocalcaneonavicular joint is made up 
of three bones. In addition to the joint 
surfaces of the talus, calcaneus (2) and 
the navicular (3), there is an additional 
articular surface covered. by cartilage 
on the plantar calcaneonavicular liga- 
ment (4). This ligament connects the 
calcaneus in the region of the medial ar- 
ticular surface with the navicular bone, 
and together with the latter forms the 
articular cavity for the head of the talus 
(spring ligament). The capsule of the 
talocalcaneonavicular joint is attached 
immediately at the edge of the cartilage 
or it extends as far as the plantar cal- 
ceonavicular ligament. The tense bifur- 
cate ligament (see p. 214), which binds 
the calcaneus, navicular and cuboid to- 
gether, strengthens the capsule. The in- 
terosseous talocalcaneal ligament (5), 
lying in the tarsal sinus, divides the sub- 
talar from the talocalcaneonavicular 
joint. 


Movements of the Ankle, Subtalar and 
Talocalcaneonavicular Joints 


In summary, the ankle joint permits 
hinge movements while the subtalar and 
the talocalcaneonavicular joints permit 
rotation. The ankle joint is a hinge joint, 
a ginglymus, arid the others are pivot 
joints, trochi and together the three 
function as a “trochoginglymus”. Move- 
ments of rotation are known as pro- 
nation (eversion) and supination (in- 
version) corresponding to the pronating 
and supinating movements ofthe hand. 
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Supination is the elevation of the medial (in- 
ner) edge of the foot, and pronation is the 
elevation of the lateral edge of the foot with 
simultaneous lateral rotation. The full range 
of movement of pronation and supination 
between their extreme limits amounts to 
130°. 


Joints Between the Other Tarsal and 
Metatarsal Bones 


The calcaneocuboid joint (6) ist an am- 
phiarthrosis. The joint cavity is a part of 
the so-called Chopart’s joint line (see 
p. 210). The cuneonavicular and the tar- 
sometatarsal joints as well as the 
cuneocuboid joint are also amphiar- 
throses. The ligaments which reinforce 
the joint capsules will be discussed on 
page 214. To these amphiarthroses be- 
long the intermetatarsal joints, which lie 
between the adjacent sides of the bases 
of the 2nd—5th metatarsal bones. 


Joints of the Digits 


The metatarsophalangeal joints and the in- 
terphalangeal joints of the foot may be di- 
vided into the proximal and the middle 
and distal joints. The proximal metatar- 
sophalangeal joints are ball-and-socket 
joints, although their mobility is re- 
stricted by collateral ligaments. The 
middle and distal joints are pure hinge 
joints. 


7 Dorsal calcaneocuboid ligament, 8 Dorsal 
cuboideonavicular ligament, 9 Talonavicu- 
lar ligament, 10 Lateral cuneiform, 11 Dorsal 
tarsometatarsal ligaments, 12 Dorsal meta- 
tarsal ligaments, 13 Long plantar liga- 
ment, 14 Plantar metatarsal ligaments, 15 
Tendon of the peroneus longus, 16 Tendon 
of the tibialis anterior, 17 Tendon of the 
tibialis posterior, 18 Tendon of the peroneus 
brevis, 19 Plantar calcaneocuboid ligament; 
20 Plantar cuboideonavicular ligament, 21 
Plantar cuneonavicular ligaments. 


7 
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Ligaments of the Joints of the Foot 
(A-B) 


The ligaments of the tarsus are divided 
into several groups. 


Ligaments which join the leg bones'to each 
other and to the tarsals (red) include the 


deltoid. ligament (1), the erior 
talofibular ligament (2), the posterior 
_ talofibular ligament (3), the 5 
„caneofibular ligament (4); the anterior 
tibiofibular ligament (5) and the pos- 
terior tibiofibular ligament (6). 


Ligaments which join the talus to the other 
tarsals (green) include the dorsal 
talonavicular ligament (7), the interos- 
seus talocalcaneal ligament (8), the /at- 
eral (9) and medial (10) talocalcaneal li- 
gaments and the posterior talocal- 
caneal ligament (11). 


The remaining dorsal tarsal ligaments (yel- 
low) include the bifurcate ligament (12) 
with its calcaneonavicular and cal- 
caneocuboid fibers, the dorsal inter- 
cuneiform ligaments (13), the dorsal 
cuneocuboid ligament (14), the dorsal 
cuboideonavicular ligament (15), the 
dorsal cuneonavicular ligaments (16) 
and the dorsal calcaneocuboid liga- 
ments (17). 


The plantar tarsal ligaments (blue) connect 
the individual tarsals on their plantar 
surfaces. They include the /ong plantar 
ligament (18) extending from the cal- 
caneal tuberosity to the cuboid and 
metatarsal bones. The plantar calca- 
neonavicular o A 19): 
see p. 216) is mac acad stability 
of the foot. The medial part of the long 
plantar ligament, the plantar cal- 
caneocuboid ligament (20), is particu- 
larly important. In addition, there are the 
plantar cuneonavicular ligaments, the 
plantar cuboideonavicular ligament, 
thé plantar intercuneiform ligaments, 
the plantar cuneocuboid ligament and 
the interosseous ligaments, namely the 
interosseous cuneocuboid ligament 
and the interosseous intercuneiform 
ligaments. 
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Ligaments between the tarsus and the 
metatarsus (violet). These may be divided 
into the dorsal and plantar tar- 
sometatarsal ligaments and the inter- 
osseous Ccuneometatarsal ligaments. 


Ligaments between the metatarsals (pink). 
They include the dorsal and plantar in- 
terosseous metatarsal ligaments, all of 
which lie near the bases of the metatar- 
sals. 


Morphology and Function of 
the Skeleton of the Foot (C—D) 


When viewing the skeleton of the foot, 
we notice that posteriorly the bones of 
the foot lie over each other, while in the 
middle and anterior region they lie side 
by side. This produces the arches of the 
foot, which are known as the sagittal 
(longitudinal) and transverse arches. 


Starting from the talus, a medial series 
of bones (light gray) continues straight 
on, while a lateral series (dark gray) fans 
out from the calcaneus toward the 
front. The medial series consists of the 
talus (21), the navicular (22), the cunei- 
form bones (23) and the three medial 
metatarsals with their associated 
phalanges. The lateral series contains the 
calcaneus (24), the cuboid (25) and the 
two lateral metatarsals with their cor- 
responding phalanges. This results in 
the foot being wide in front and nar- 
rower at the back; it is also higher be- 
hind than in front. Finally, the foot also 
has an arch which faces medially and 
is curved both longitudinally and trans- 
versely. The longitudinal curvature is 
more marked on the medial than the 
lateral edge of the foot. The transverse 
arch is well developed only in the 
middle and forefoot. 


Practical Point 


Clinically the talus and calcaneus are con- 
sidered as the back of the foot, while the 
other tarsals are regarded as the middle of 
the foot and the metatarsal and phalangeal 
bones as the forefoot. 
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A Medial view of ligaments of foot 


Cc 

View from above 
of the two series of bones 
of foot 






B Lateral view of ligaments of foot 


D Medial view of the two series of 
bones of foot 
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Plantar Arch (A-C) 


The plantar arch is normally in a posi- 
tion of supporting the, weight of the 
body. The bony points of support of the arch 
on a level ground surface are the cal- 
caneal tuberosity (1), the head of the 1st 
metatarsal (2) and the head of the 5th 
metatarsal (3). Thus, the supporting 
surface is in the form of a triangle (A, 
dotted red). If a footprint is examined (B), 
a somewhat larger supporting surface 
is found, which is produced by the soft 
tissues. The line of transmission of the 
weight of the body runs from the tibia (4) 
to the calcaneus (5) and to the mid- and 
forefoot (6). The transmission of pres- 
sure to the arch in both directions tends 
to flatten its curvature, and this is op- 
posed by the ligaments and the plantar 
muscles. 


Ligaments. Ligaments cannot fatigue 
and have a greater resistance to stress 
than muscles. Their resistance does not 
vary but if they are overstretched they 
are unable to return to their previous 
shape. The ligaments may be divided 
into the plantar aponeurosis (7), the long 
plantar ligament (8), the plantar cal- 
caneonavicular ligament (10) and the short 
plantar ligaments. The superficial plantar 
aponeurosis (7) joins the calcaneal 
tuberosity to the plantar surface of the 
digits. It acts especially in the standing 
(static) position. In the metatarsal part 
of the foot, tension in the transverse fi- 
bers of the aponeurosis supports both 
the longitudinal and the transverse 
arches. 


The long plantar ligament (8,9) braces the 
lateral series of the tarsals. It arises 
from the plantar side of the calcaneus, 
becomes wider distally and extends as 
a long, superficial fibrous layer (8) in- 
ferior to the tendon of the peroneus 
longus to the bases of the metatarsals. 
Short fibers reach the tuberosity of the 
cuboid as the plantar calcaneocuboid 
ligament (9). 
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The plantar calcaneonavicular ligament (10) 
together with the short plantar ligaments 
form the deepest layer of ligaments. /t 
increases the size of the socket for the 
head of the talus. On the inner surface 
it is covered by fibrocartilage, which 
sometimes may be calcified. This 
ligament may be up to 5 mm thick. 


The plantar muscles. They also resist 
the effect of the weight of the body in 
spreading the foot, and they surround 
the arches like a clamp. They are sub- 
ject to fatigue and are weaker than the 
ligaments. However, muscle tension 
can be regulated according to stress, 
and recent investigations have shown 
that it is brought into play under condi- 
tions of great stress. The action of the 
medial abductors is superior to that of 
the lateral abductors. 


The plantar muscles are divided into the 
intrinsic muscles of the foot (11), which 
stretch between the tarsals and the 
metatarsals and phalanges, and the 
tendons of the extrinsic muscles of the foot, 
which descend from the leg and are in- 
serted on the various tarsals, metatar- 


~ sals and phalanges. The intrinsic mus- 


cles of the foot permit movements of the 
digits with respect to the metatarsals 
and tarsals. In the standing or static 
position, the digits and metatarsals are 
pressed onto the ground, and the intrin- 
sic muscles of the foot function as ten- 
sor muscles of the plantar arch, as they 
counteract the sagging tendency of the 
metatarsals. 


N 
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Footprint of right foot with outline of 
A Skeleton of foot, showing its bony skeleton; view from below 
weight-bearing points; 
view from above 
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Foot Shapes (A—J) 


Practical Points 


The normal posture of the foot in the liv- 
ing may be determined by taking a foot- 
print. In the healthy foot, pes rectus (A), 
the print should show impressions of 
tive digits anterior and posterior parts 
of the sole and a strip joining them. The 
main load on the healthy foot (E) lies 
medially on the calcaneus (1) and the 
head of the 1st metatarsal (2). Ifthe print 
shows a wide, flattened impression (B) 
of the entire sole, then the subject has a 
“tlatfoot”, pes planus. Flattfootedness 
is caused by inadequacy of the intrinsic 
plantar muscles, which leads to an 
overextension of the ligaments and 
thus to a collapse of the plantar arch. 
When this occurs, there is a pronation 
of the talus, and this may then slide 
medially over the calcaneus (F). The 
end result is a remodeling of all the 
involved tarsals (calcaneus, talus, na- 
vicular and cuboid). 


During development of flatfoot severe 
pain in the foot and leg occurs, due to 
overstretching of the long muscles of 
the sole. 


A footprint in two parts (C) represents a 
high longitudinal arch, pes cavus (C). 
Here the calcaneus is supinated while 
the other skeletal parts of the foot are 
pronated. 


A pes planovalgus has a footprint that 
bulges medially (D). It represents ‘the 
combination of a flatfoot and pes val- 
gus (H); the calcaneus is pronated. 


In the normal foot (G) the weight-bear- 
ing line of the lower limb (see also p. 
202) runs through the middle of the cal- 
caneus to its undersurface. 


In pes valgus (H) the vertical axis 
through the talus and calcaneus is 
sharply angulated with respect to the 
longitudinal axis of the lower limb, thus 
forming an obtuse angle, open exter- 
nally. The foot is everted (pronated). 
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This posture of the foot may be caused 
by paralysis of the muscles of supina- 
tion — triceps surae, tibialis posterior, 
flexor hallucis longus, flexor digitorum 
longus and tibialis anterior. 


Clubfoot, pes varus (J), shows the ex- 
act opposite. Here the long axis through 
the talus and calcaneus and the axis of 
the lower limb form and angle which is 
open medially. This may be caused, for 
instance, by paralysis of the pronators, 
the peroneal muscles, extensor digi- 
torum longus and the extensor hallucis 
longus, resulting in supination. 


In the normal foot (G) the lateral malleo- 
lus is lower than the medial malleolus. 
In pes valgus (H) this difference in height 
is increased, while in clubfoot (J) the 
difference is absent or may even be 
reversed. 


Other abnormal postures of the foot include 
pes equinus and pes calcaneus. Pes 
equinus is the result of a paralysis of the 
extensors, and pes calcaneus is caused 
by paralysis of the flexor muscles. 


A combination of pes varus and pes 
equinus is represented by a pes 
equinovarus, which occurs after 
paralysis of the peroneal nerve and 
injury to the tibialis anterior. 
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A Normal foot B Flatfoot (pes planus) C Pes cavus D Pes planovalgus 
(pes rectus) 








E Medial view of a 
normal arch 


F Medial view of fallen arch 
G Pes rectus H Pes valgus J Pes varus 


Ey} 
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Classification of the Muscles 
(A-C) 


The hip muscles may be classified in 
several ways. Like the muscles of the 
shoulder girdle, they may be subdivided 
according to their locations or innerva- 
tion from the ventral and dorsal divi- 
sions of the plexus layers (see Vol. 3). 
Further, they may also be grouped ac- 
cording to their development on the 
basis of their points of insertion. In this 
classification we distinguish between 
dorsal muscles with an anterior and 
posterior group, and ventral hip mus- 
cles. It is also possible to classify the 
muscles of the hip joint according to 
their function. ‘ 


Thigh muscles may also be classified 
according to their location, function or 
innervation. According to their location, 
we distinguish anterior and posterior 
thigh muscles and adductors. With the 
exception of the gracilis, all the adduc- 
tors act solely on the hip joint and there- 
fore insert on the femur. The true thigh 
muscles act primarily on the knee joint 
and are inserted into the leg. Here the 
extensors must be distinguished from 
the flexors. The extensors of the knee 
joint lie on the anterior surface of the 
femur and the flexors are on its pos- 
terior surface. Ontogenetically the sar- 
torius is considered an extensor, since 
it has only been displaced secondarily 
and now flexes at the knee joint. 


Discussion of the hip muscles will take 
into consideration their sites of inser- 
tion as well as their functions. The thigh 
muscles will be discussed first in terms 
of their location and then according to 
their function. 


Dorsal, Hip Muscles 


The anterior group, which is inserted 
in the region of the lesser trochanter, 
includes: the psoas major and iliacus 
= iliopsoas (1), psoas minor. 

The posterior group, which is inserted 


Muscles of the Hip and Thigh 


in the region of the greater trochanter 
region and its continuation, includes: 
the piriformis (2), the gluteus minimus 
(3), the gluteus medius (4), tensor fas- 
ciae latae (5) and gluteus maximus (6). 


Ventral Hip Muscles and Adductors of the 
Thigh 


Obturator internus (7), gemelli (8), 
quadratus femoris (9), obturator exter- 
nus (10), pectineus (11), gracilis (12), 
adductor brevis (13), adductor longus 
(14), adductor magnus (15) and adduc- 
tor minimus (16). 


Anterior Thigh Muscles 


The sartorius (21) and the quadriceps 
femoris consisting of the rectus femoris 
(17), vastus intermedius (18), vastus 
medialis (19) and vastus lateralis (20). 


Posterior Thigh Muscles 


Biceps femoris (22), semitendinosus 
(23), semimembranosus (24) and pop- 
liteus (see p. 252). 


25 Fascia lata, 

26 Vasto-adductor membrane, 
27 Intermuscular septum, 
28 Neck of the femur, 

29 Femoral artery, 

30 Femoral vein, 

31 Saphenous nerve, 

32 Great saphenous vein, 
33 Sciatic nerve, 

34 Deep femoral artery, 
35 Femoral nerve. 


# 
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Dorsal Hip Muscles 


Anterior Group Inserted in the Region of 
the Lesser Trochanter (A-B) 


The psoas major (1) is divided into a 
superficial and a deep part. The superfi- 
cial part arises from the lateral surfaces 
of the 12th thoracic vertebra and 
1st—4th lumbar vertebrae (2) as well as 
from their intervertebral disks. The deep 
part arises from the costal processes 
of the 1st-Sth Iumbar vertebrae (3). 
The psoas major joins the iliacus (4) 
and, surrounded by the iliac fascia, pro- 
ceeds as the iliopsoas (5) across the 
iliopubic eminence through the mus- 
cular lacuna to be inserted on the /Jesser 
trochanter (6). In the region of the 
iliopubic eminence, the iliopectineal 
bursa lies between the muscle and the 
bone and extends as far as the anterior 
surface of the capsule of the hip joint 
with which it communicates. Between 
the lesser trochanter and the attach- 
ment of the iliopsoas lies the iliac sub- 
tendinous bursa. The lumbar plexus lies 
between the two layers of the psoas ma- 
jor (see also p. 92). 


Theiliacus (m erassiulisilandasse (7) 
and also from the region ofthe anterior 
inferior iliac spine. It joi ma- 
jor (1) to form the iliopsoas (5). The fi- 
“bers of the iliacus are regularly inserted 
in front of the fibers of the psoas major 
and extend distally over the lesser 


trochanter. Thevilipsoas is the most im- 


__ portant. muscle for lifting (flexing) the 


leg forward and makes walking possi- 
ble. It also serves to bend the trunk for-... 


e trunk when lying 


We iliopsoas is also a lateral rotator, of 
e hip joint. In contrast to the iliacus, 
i psoas major é acts s on a number of 


and 
o in- 





Sacrenas ane I 
volve 
Nerve Era 


amaua menge (FI-LA) 


Ba 


Variants 


The psoas minor is present in less than 50% 
of subjects. /t arises from the 12th thoracic 
and 1st lumbar vertebra and projects into 
the iliac fascia. \t is either inserted on the 
ilio pubic eminence or radiates into the 
iliopectineal arch. 

Nerve supply: Lumbar plexus (L1—L2). 


The psoas major may also arise from the 
head of the 12th rib and the iliacus may arise 
from the capsule of the hip joint and from the 
sacrum. 


Practical Points 
Wandering abscesses, see p. 92. 
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A 
Dorsal hip muscles inserted on 
lesser trochanter 






- Diagram of origin, 
course and insertion 
- of muscles 
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Dorsal Hip Muscles 


Posterior Group Inserted in the Region of the 
Greater Trochanter (A-D) 


The tensor fasciae latae (1) arises in 
the region of the anterior superlor iliac 
spine (2) and extends distal to the great- 
er trochanter into the iliotibial tract (3), 
which is pseren on the lateral tibial 
condyle. | esse 

fe 





lum. It i is also a 


flexor, medial rotator and abductor, and .. 


assists the anterior bundles of the 
gluteus medius and minimus». 

Nerve supply: Superior gluteal nerve 
(L4-L5). 


The powertulguteus manimüs (has a 
superficial and a deep origin. The superfi- 


cial fibers arise from the iliac crest (5),the 
posterior superior iliac spine (6), the 
thoracolumbar fascia, the sacrum (7) 
and the coccyx (8). The deep fibers arise 
from the ala of the ilium (9) behind the 
posterior giuteal line, from the sa- 
crotuberal ligament (10) and the fascia 
of the gluteus medicus. The proximal 
part radiates into the iliotibial tract (3) 
and the distal part inserts into the gluteal 
tuberosity (11). Between the latter and 
the greater trochanter lies the large 
trochanteric bursa (12). Its relationship 
to the ischial tuberosity is dependent 
on the posture of the body. In the up- 
right posture the muscle covers the 
ischial tuberosity but leaves it free in 
the seated position. 


It is primarily an extensor and lateral 


Nerve supply: Inferior gluteal nerve 


(L5-S2). 


The gluteus medius (13)arises from the 
gluteal surface of the ala of the ilium (4) 
between the anterior and posterior 
gluteal lines, from the iliac crest (15) 
and its fascia. It is inserted on the great- 
er trochanter (16) like a cap. Between 
the tendon of attachment and the great- 
er trochanter lies the trochanteric 


bursa of the gluteus medius. SR 
terior fibers ofthe gli 

_a medial rotator and flexor, and the 
posterior partas alateral rotator and ex-* 
tensor of the hip, while the entire mus- 
cle can function as an abductor (for in- 
stance in dancing). 

Nerve supply: Superior gluteal nerve 
(L4-L5). 


Wi rises from 
the eal area on the ala of the ilium 


(18) between the anterior and inferior 
gluteal lines and is inserted into the 
greater trochanter (19). There is a bursa 
at its insertion. It corresponds in func- 
tion to the gluteus medius, although itis 
a weaker abductor. 

Nerve supply: Superior gluteal nerve 
(L4-S1). 


The piriformis (20) originates as several 
slips from the pelvic surface of the sa- 
crum, lateral to the pelvic sacral 
foramina (21), and from the margin of 
the greater sciatic notch. \|t passes 
through the greater sciatic foramen and 
is inserted on the anteriomedial aspect 


!___ of the tip of the greater trochanter (22). 


rotator at the hip joint and represents a = In the upright posture it functions as a 


muscular defense against excessive tilt- ~ 
ing of the pelvis. .lt comes into action 
when climbing stairs and when chang- 
ing from the sitting to the upright pos- 
ture. With its different sites of insertion 
itis able to act as an abductor as wellas.. 

_an- adductor. That part which tenses the 
fascia lata abducts, while the part in- © 
serted on the gluteal tuberosity ad- . 
ducts. Both glutei maximi may assist in 
contraction of the external sphincter 
ani. 


lateral rotator and abductor, and it also 
plays a part in producing extension of 
the thigh. 

Nerve supply: Sacral plexus (L5—S2). 


Variants 


„The muscle may be divided into several parts 
by the sciatic nerve or other branches of the 
sacral plexus. Sometimes it may be partly or 
completely absent. 


23 Obturator internus, 
24 Quadratus femoris. 


Lower Limb: Hip Muscles 225 





B Posterior gro\ 
piriformis and gluteus medius 








A Posterior group ‘Of hip muscles, 
tensor fasciae latae and 
gluteus maximus 





D Diagram of origin, course 
and insertion of the 
muscles 


C Posterior group of hip muscles, 
piriformis and gluteus minimus 
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Ventral Hip Muscles (A-C) 


The ventral muscles, which are inner- 
vated by the ventral branches of the 
nerve plexus layer, function as lateral 
rotators. They are important in the con- 
trol of the body’s balance. Basically, the 
lateral rotators are stronger than the 
medial rotators, and therefore, in the 
normal position of the limb, the apex of 
the foot points slightly outward to 
achieve better support for the body. 


The obturator internus (1) arises from 
the inner surface of the hip bone around 
the obturator foramen and from the ob- 
turator membrane. It passes through 
the lesser sciatic foramen, almost filling 
it, and is inserted into the trochanteric 
fossa (2). The ischial bursa of the ob- 
turator internus is found near the lesser 
sciatic notch. The bone ae as a ful- 
crum for this muscle. Wi luteus 
maximus and quadratus nal “it 
forms the > strongest lateral rotator of the 

In the sitting pos ; e 
exed in front, it acts as an abduc- 






lim 
tor. 


The two gemelli represent, as it were, 
marginal heads of the obturator inter- 
nus. According to Lanz all three 
muscles together may be termed the 
triceps coxae. The superior gemellus (3) 
arises from the ischial spine (4), and the 
inferior gemellus (5) from the ischial 
tuberosity (6). Both reach the troch- 
anteric fossa (2). Their function is to 
assist the obturator internus. 

Nerve supply: Inferior gluteal nerve, 
sacral plexus (L5—S2). 


Variants 


It is quite common for one or the other 
gemellus, and sometimes both, to be absent. 
Occasionally the obturator internus receives 
extra bundles of muscle fibers arising from 
nearby ligaments. 


The quadratus femoris (7) arises from 
the ischial tuberosity (6) and runs as a 


four-sided, flattened muscle to the in- 
tertrochanteric crest (8). It acts as a 
strong lateral rotator and adductor of 
the thigh. 

Nerve supply: Inferior gluteal nerve, 
sacral plexus (L5—S2). 


Variants 


It may be absent or it may fuse with the ad- 
ductor magnus. 


The obturator externus (9) arises from 
the external surface of the medial bony 
margin of the obturator foramen and 
the obturator membrane. It extends to 
the trochanteric fossa (2) and (rarely) to 
the capsule of the hip joint. This muscle 
lies deep and it only becomes visible 
when the adjacent muscles have been 
removed. Atits origin itis covered by the 
adductors and in the thigh by the qua- 
dratus femoris. It is a lateral rotator and 
a weak adductor. 

Nerve supply: Obturator nerve (L1—L4). 


10 Piriformis, 
11 Sacrum. 
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A 


Dorsal view of ventral 
muscles of hip. 


B Obturator externus, 
obturator internus 
and piriformis 







C Diagram of origin, course 
and insertion of muscles 


228 Thigh Muscles 


Adductors of the Thigh (A-D) 


The adductors of the thigh include the 
obturator externus (see p. 226), the 
gracilis, pectineus, adductor brevis, 
adductor longus (see p. 230), adductor 
magnus (see p. 230), and adductor 
minimus (see p. 230). All the adductors 
are innervated by the obturator nerve, 
but some receive additional fibers from 
the femoral nerve (pectineus) and tibial 
nerve (adductor magnus). 


The gracilis (1) arises near the sym- 
physis from the inferior ramus of the 
pubis (2) and, as the only muscle of the 
adductor group to act on two joints, it 
extends as far as the medial surface of 
the tibia (3), onto which itis inserted to- 
gether with the semitendinosus and 
sartorius as the pes anserius super- 
ficialis (4). It is the most medial muscle 
directly beneath the surface, and when 
the thigh is abducted, its origin can 
clearly be seen arching beneath the 
skin. 


When the knee is extended, it acts as an 
adductor of the thigh and a flexor of the 
hip joint. It also flexes at the knee joint. 
In the region of the pes anserinus, be- 
tween the three tendons of insertion of 
the muscles mentioned and the tibia, 
there is always a bursa, the anserine 
bursa. 

Nerve supply: Anterior branch of the ob- 
turator nerve (L2-L4). 


The pectineus (5) arises from the 
iliopubic eminence, along the pecten of 
the pubis, (6) as far as the pubic tuber- 
cle (7). It extends obliquely distalward 
and has an elongated rectangular 
shape. The proximal fibers run im- 
mediately behind the lesser trochanter. 
It is inserted into the pectineal line (8) 
and to the proximal part of the linea 
aspera (9). 


The pectineus and iliopsoas (see p. 222) 
together form the floor of the iliopec- 


tineal fossa. The pectineus flexes at the 







hip joint (anteversion), adduets"the» 
‚thigh’andacts as aweak lateral rotator. | 
Nerve supply: The femoral nerve 
(L2-L3) and the anterior branch of the 
obturator nerve (L2-L4). 


The epoductor brevis (10) arises from the 
bis (11) near the 


ies very close to the adductor ange 

In addition to its function as an adduc- 

tor, it also acts as a 
ERBE 


weak flexor at the me pan 
Nerve supply: Anterio h of the ob- 


turator nerve (L2—-L4). 


12 Adductor longus, 
13 Adductor magnus, 
14 Adductor minimus, 
15 Obturator externus, 
16 Quadratus femoris, 
17 Semitendinosus, 
18 Sartorius, 

19 Iliopsoas. 
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B 
Adductor brevis, 
in isolation. 
Diagram of origin, 
course and insertion of A 


yascles Adductors of the 


thigh, gracilis, 
pectineus and 
adductor brevis 
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Section through 
proximal third of 
the thigh (through neck of femur) 
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Adductors of the Thigh 
(continued, A-D) 


The adductor longus (1) arises from the 
superior ramus of the pubis (2) and is 
inserted into the middle third of the me- 
dial lip of the linea aspera (3). The ad- 
ductor longus lies ventrally on the ad- 
ductor magnus (4). Proximally and 
close to the femur the adductor brevis 
(5) is interposed between them. The fi- 
bers of the adductor longus extend dis- 
tally into the adductor canal(see below). 


It is primarly an adductor and a lateral 
rotator, but may als Beten 3 me ae- 
Nerve supply: Ansetir Branch of the ob- 
turator nerve (L2-L4). 


The adductor mai (4) oes 










f (7)as faras the is- 
chial tuberosity (8). 


The large muscle belly passes down- 
ward on the medial side of the thigh and 


divides into two. ae 





adductor tubercle» (12) nina 
epicondyle.-The tendinous part forms 
an intermuscular septum and on the 
medial side itseparates the flexors from 
the extensors. Between these insertions 
of the adductor magnus, there is a slit- 
like opening, the hiatus tendineus (13). 
The tendinous portion may be palpated 
through the skin behind the vastus 
medialis and in front of the medial dim- 
ple of the knee. The adductor magnus is 
a powerful adductor, which is particu- 
larly active when crossing the legs. The 
part attached to the linea aspera acts as 
a lateral rotator. Only the part which 
reaches the medial epicondyle acts as a 
medial rotator of the outwardly rotated 
and flexed leg, as well as an extensor of 
the hip joint. 


De ablininiadaioten 


The adductor minimus (14) is an incom- 
pletely separated division of the adduc- 
tor magnus. Its fibers arise from the in- 
ferior ramus of the pubis (6) as the most 
anterior part of the adductor magnus 
and run to the medial lip of the linea 
aspera (10), crossing over the upper 
part of the fibers of the true adductor 
magnus. It adducts and laterally rotates 
the femur. 

Nerve supply: This is common to both 
muscles. The obturato 





(L3-L5).. 


Aponeurotic tendon fibers split off from 
the muscular part (9) of the adductor 
magnus (4) and pass over onto the 
tendinous surface of the vastus me- 
dialis (15; see p. 236). This is known 
as the vastoadductor membrane (16). Some 
fibers of the adductor longus (1) may 
radiate into this membrane. Between 
the vastoadductor membrane and the 
adductor magnus, adductor longus and 
vastus medialis, there is a tunnel, the 
adductor canal, which opens through 
the hiatus tendineus into the popliteal 
fossa (see above). 


17 Gracilis, 
18 Sartorius, 
19 Femur. 
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Diagram of origin, course 
and insertion of the 
muscles 


B 

Adductor minimus and 
adductor magnus, iso- 
lated in a dissection 





| AM 
‘all Yı 
A ns 7 ; y y 
€ Adductors of the thigh, Adductdr 
Section through middle minimus, adductor magnus, 

of thigh and adductor longus 


232 Hip Muscles 
Classification According to 
Function (A-B) 


As some hip muscles ‚have extensive 
areas of origin and insertion, the vari- 
ous parts of the muscle may produce 
very different movements. It must also 
be noted that some of the muscles span 
not only the hip joint, but also vertebral 
joints (psoas major) and the knee joint 
(gracilis, tensor fasciae latae, sartorius, 
rectus femoris, semimembranosus and 
semitendinosus and the long head of 
biceps femoris). Thus not only the hip 
but also the thigh muscles are involved 
in movements at the hip joint. 


We distinguish lateral and medial rota- 
tion movements which occur around 
the longitudinal axis of the limb. With the 
hip extended, medial rotation is more 
extensive than lateral rotation. With the 
hip flexed, the restrictive ligaments are 
tensed, so that the extent of lateral rota- 
tion is then greater than that of medial 
rotation. The movements around the 
transverse axis are extension (dorsiflex- 
ion, retroversion) and flexion (anteflex- 
ion, anteversion). 


Abduction and adduction occur abouta 
sagittal axis. 


Lateral rotation (A) is produced by: the 
gluteus maximus (red), quadratus 
femoris (blue), obturator internus (yel- 
low), gluteus medius and gluteus 
minimus with their dorsal fibers 
(Orange), iliopsoas (green), obturator 
externus (brown) and all the adductors 
except the gracilis (violet), the piri- 
formis (gray) and the sartorius (see 
p. 236; not shown). 


Medial rotation (B) is produced by: the 
anterior fibers of the gluteus medius 
and .the gluteus minimus (red), the 
tensor fasciae latae (blue) and the part 
of the adductor magnus inserted into 
the adductor tubercle (yellow). 


The color of the arrows represents the 
order of importance of the muscles in 
each movement: 


red 
blue 
yellow 
orange 
green 
brown 
violet 


gray 
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B Medial rotation 


A-B Function of muscles 


in hip region A Lateral rotation 


234 Hip Muscles 


Classification According to 
Function (continued, A-D) 


The extensors (A) at the hip joint are: 
the gluteus maximus (red), dorsal fibers 
of the gluteus medius and gluteus 
minimus (blue), the adductor magnus 
(green) and piriformis (brown). 


In addition, the following thigh muscles 
are involved in extension of the thigh: 
the semimembranosus (yellow, see p. 
238), semitendinosus (orange, see p. 
238) and the long head of the biceps 
femoris (violet, see p. 238). 


Flexion (B) of the thigh is produced by: 
the iliopsoas (red), tensor fasciae latae 
(orange), pectineus (green), adductor 
longus (brown), adductor brevis 
(brown) and gracilis (brown). 


The following thigh muscles are also 
flexors at the hip joint: rectus femoris 
(blue, see p. 236) and sartorius (yellow, 
see p. 236). 


Abduction (C) at the hipis produced by: 
the gluteus medius (red), tensor fas- 
ciae latae (blue), gluteus maximus with 
its insertion into the fascia lata (yellow), 
gluteus minimus (orange), piriformis 
(green) and obturator internus (brown). 


The adductors (D) of the thigh are: the . 


adductor magnus with the adductor 
minimus (red), adductor longus (blue), 
adductor brevis (blue), the part of the 
gluteus maximus inserted into the 
gluteal tuberosity (yellow), gracilis 
(orange), pectineus (brown), quadratus 
femoris (violet) and the obturator ex- 
ternus (not shown). 


The principal thigh muscle involved in 
addition is the semitendinosus (green). 


The color of the arrows represents the 
order of importance of the muscles in 
each*movement. 


red 
blue 
yellow 
orange 
green 
brown 
violet 
gray 
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C Abduction 


A-D Function of the muscles in hip region 
(continued) 


236 Thigh Muscies 


Anterior Thigh Muscles (A—D) 


The quadriceps femoris consists of four 
parts, of which the straight part, the rec- 
tus femoris, acting on two joints, runs in 
a channel formed by the other three 
single joint muscles. 


The rectus femoris (1) arises from the an- 
terior inferior iliac spine (2), straight 
head, and from the upper margin of the 
socket of the hip joint, reflected head. 


The vastus intermedius (3) arises from the 
anterior and lateral surface of the femur 
(4). It is easily distinguished from the 
vastus lateralis but is more difficult to 
separate from the vastus medialis. 
Some of the fibers of the vastus inter- 
medius form the articularis genus, 
which inserts into the capsule of the 
knee joint. 


The vastus medialis (5) arises from the 
medial lip of the linea aspera (6). 


The vastus lateralis (7) arises (8) from the 
lateral surface of the greater trochanter, 
the intertrochanteric line, the gluteal 
tuberosity and the lateral lip of the linea 
aspera. 


The four muscles join to form a com- 
mon tendon which is inserted into the 
patella (9). Distal to the patella, the 
tendon is continued as the patellar li- 
gament (10) and is inserted into the ti- 
bial tuberosity (11). Superficial fibers 
run across the patella, while the deep 
tendon fibers insert into its upper and 
lateral margins. Some fibers of the vas- 
tus medialis and rectus femoris form the 
medial patellar retinaculum, and fibers 
of the vastus lateralis and rectus 
femoris form the /ateral patellar re- 
tinaculum. The retinacula extend dis- 
tally around the patella to the tibial con- 
dyles. 


The quadriceps femoris is an extensor 
at the knee joint. The rectus femoris 
also flexes at the hip joint. 

Nerve supply: Femoral nerve (L2-LA4). 


Variants 


The part of the rectus femoris which nor- 
mally takes its origin from the upper margin 
of the acetabuium may be missing, and the 
articular muscle of the knee may also be ab- 
sent. 


The sartorius (12) arises from the an- 
terior superior iliac spine (13) and runs 
obliquely over the thigh in its fascial in- 
vestment to the pes anserinus super- 
ficialis (14), by which itis attached to the 
crural fascia (15) and is medial to the ti- 
bial tuberosity. The sartorius acts on 
two joints as a flexor at the knee joint 
and, if the knee is flexed, together with 
the other muscles of the pes anserinus, 
it functions as medial rotator of the leg. 
In addition, it brings about flexion at the 
hip joint. Due to its course it also func- 
tions as a lateral rotator at the hip joint. 
Nerve supply: Femoral nerve (L1—L3). 


16 Gracilis, 

17 Adductor longus, 

18 Adductor brevis, 

19 Pectineus, 

20 Iliopsoas, 

21 Tensor fasciae latae, 

22 Cut edge of fascia lata, 

23 Vastoadductor membrane. 











Superficial muscles 
removed to show 
vastus intermedius 















D Diagram of origin, course 
and insertion of the muscles 
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Posterior Thigh Muscles (A-D) 


The biceps femoris (1) has a long head 
and a short head. The long head (2), which 
acts over two joints, arises from the is- 
chial tuberosity (3) in common with the 
semitendinosus (4). The short head (5), 
acting only over one joint, originates 
from the middle third of the lateral lip 
of the linea aspera (6) and its lateral 
intermuscular septum. The heads unite 
to form the biceps femors (1), which is 
inserted into the head of the fibula (7). 
Between the muscle and the lateral 
collateral ligament of the knee joint is 
the inferior subtendineal bursa of the 
biceps femoris. The long head pro- 
duces extension (retroversion) of the 
hip joint. The biceps femoris flexes at 
the knee joint and laterally rotates the 
flexed leg. It is the only lateral rotator 
at the knee joint and thus opposes all 
the medial rotators. 


Nerve supply: Long head, tibial nerve 
(L5—S2); short head, common peroneal 
nerve (S1-S2). 


Variants 


The short head may be absent; there may 
also be additional bundles of muscle fibers. 


The semitendinosus (4) arises by a 
common head (see above) from the is- 
chial tuberosity (3) and runs toward the 
medial surface of the tibia together with 
the gracilis (9) and sartorius (10) to join 
the pes anserinus superficialis (8). 
There is a large tibial intertendinous 
bursa (bursa anserina) between the sur- 
face of the tibia and the attachment to 
the pes anserinus. The muscle acts on 
two joints, being involved in extension 
at the hip joint, flexion at the knee joint 
and, medial rotation of the leg. 

Nerve supply: Tibial nerve (L5-S2). 


Variants 


Within its muscle belly there may be an ob- 
lique tendinous intersection. 


The semimembranosus (11) arises 
from the ischial tuberosity (3). It is 
closely related to the semitendinosus. 
Below the medial collateral ligament, its 
tendon divides into three parts; the first 
runs anteriorly to the medial tibial con- 
dyle, the second goes into the fascia of 
the popliteus, and the third part con- 
tinues into the posterior wall of the cap- 
sule as the oblique popliteal ligament. 
This division into three parts may also 
be called the pres anserinus profundus. 
The muscle acts on two joints and has a 
function similar to the semitendinosus. 
It produces extension at the hip joint 
and flexion with medial rotation at the 
knee joint. Between its tendon (before 
the division) and the medial head of the 
gastrocnemius lies the bursa of the 
semimembranosus, which is some- 
times continuous with the medial sub- 
tendinous bursa of the gastrocnemius 
(see p. 198). 

Nerve supply: Tibial nerve (L5-S2). 


Variants 


The muscle may sometimes be absent or 
may be completely fused with the semiten- 
dinosus. The oblique popliteal ligament 
need not always be present. 


12 Adductor magnus, 

13 Adductor longus, 

14 Vastus medialis, 

15 Vastoadductor membrane. 
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D Diagram of origin, course 
and insertion of the muscles 
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Posterior muscles /!|\, 
of thigh C Section through middle of thigh 
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Classification According to 
Function (A-D) 


Only a few muscles act exclusively on 
the knee joint, the majority act also on 
the hip or ankle joint. 


We distinguish extension, and flexion 
around transverse axes which runs 
through the femoral condyles. Around 
the long axis of the leg there are the rotary 
movements of medial and lateral rota- 
tion. Rotation is only possible when the 
collateral ligaments are not tensed (see 
p. 200), i. e., in the extended position 
active rotation is impossible. Passively, 
in maximal extension, there is some 
lateral rotation of the leg on the non- 
weight-bearing side and medial rota- 
tion of the thigh of the weight-bearing 
limb of about 5: possible, the so-called 
“closure rotation” when the joint is 
locked (see p. 200). Closure rotation is 
produced by the anterior cruciate 
ligament, the shape of the articular sur- 
faces and the iliotibial tract (see p. 242). 


Extension (A) is produced almost ex- 
clusively by the quadriceps femoris. The 
tensor fasciae latae plays an unimpor- 
tant role. The quadriceps femoris works 
better when the hip joint is extended, as 
then the rectus femoris (red) helps the 
action of the vasti muscles (blue). 


Flexion (B) is produced by: the 
semimembranosus (red), the semiten- 
dinosus (blue), biceps femoris (yellow), 
gracilis (orange), sartorius (green), 
popliteus (brown) and gastrocnemius 
(violet). 


The medial rotators (C) are: the semi- 
membranous (red), semitendinosus 
(blue), gracilis (yellow), sartorius 
(orange) and popliteus (green). 


The lateral rotators (D) are: the biceps 
femoris (red), which is almost the only 
lateral rotator and opposes all the me- 
dial rotators. It may be assisted slightly 
by the tensor fasciae latae (not shown; 
closure rotation). 


Muscles of the Knee Joint 


The color of the arrows show the order 
of importance of the muscles in each 
movement: 


red 
blue 
yellow 
orange 
green 
brown 
violet 


/ 
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A Extension 





A-D Functions of 
knee joint muscles 


Cc 
Medial rotation of the 
leg, knee joint flexed 






Lateral rotation of the 
leg, knee joint flexed 
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The muscles of the hip region are in- 
vested by various fascias; for instance 
the iliopsoas muscle is covered by the 
iliac fascia, which begins at the me- 
dial arcuate ligament as a sturdy fascial 
tube covering the psoas major and con- 
tinues as far as the inguinal ligament. It 
forms the iliopectineal arch, which 
separates the muscular compartment 
(see p. 98) from the vascular compart- 
ment. On the anterior surface, below 
the inguinal ligament, the pectineus is 
enclosed in a strong pectineal fascia, 
which, together with the iliac fascia, 
represents the connective tissue lining 
of the iliopectineal fossa. The latter is 
limited proximally by the inguinal liga- 
ment. 


In the gluteal region lies the fragile 
gluteal fascia (1), which covers the 
gluteus maximus and from which septa 
run deeply between the individual mus- 
cle bundles. Between the gluteus max- 
imus and the underlying gluteus medius 
there is a compact firm fascia (see 
p. 224) from which parts of the gluteus 
maximus arise. At the gluteal sulcus the 
superficial gluteal fascia merges with 
the fascia of the thigh — the fascia lata 


(2). 


On the lateral side of the thigh, the fas- 
cia lata forms a dense, parallel fibered 
layer of connective tissue which be- 
comes weaker medially. A band of fi- 
bers, the iliotibial tract (Vaissiat’s band) 
(3; see pp. 224 and 388) is conspicuous 
on the lateral side. The gluteus maxi- 
mus and tensor fasciae latae radiate 
into this iliotibial tract. The iliotibial 
tractis several centimeters wide and ex- 
tends distally on the lateral side to the 
lateral tibial condyle. In this region 
the lateral patellar retinaculum is in- 
timately blended with it. On the anterior 
surface of the thigh, the sartorius (4) 
possesses its own fascial covering. It 
overlies the vastoadductor membrane 
(5) which is also incorrectly called sub- 
sartorial fascia. Similarly, the gracilis is 
enclosed in its own fascial sheath which 


Fascias of the Hip and Thigh 


can be separated from the other fascias. 
All the thigh muscles have their own 
loose, delicate coverings which enable 
them to move against each other. From 
the fascia lata deep intermuscular septa 
project laterally and medially in the 
direction of the linea aspera. 


The lateral intermuscular septum (7) is 
relatively broad and provides an origin 
for several muscles. It divides the vastus 
lateralis (8) from the short head of the 
biceps femoris (9). The medial inter- 
muscular septum (10) separates the 
vastus medialis (11) from the adductor 
canal (12). 


On the anterior surface of the thigh be- 
low the inguinal ligament, in the region 
of the iliopectineal fossa which is cov- 
ered superficially by the fascia lata, 
there is in the latter a porous area oc- 
cupied by the cribriform fascia. This is 
pierced by vessels and nerves. Removal 
of this loose fascia reveals the saphenous 
opening (13), whose lateral margin, the 
falciform margin, or Hey’s or Burn’s lig- 
ament, (14) forms a sharply defined 
border. The falciform margin extends 
medially with a superior (15) and an in- 
ferior (16) cornu. 


The femoral canal and femoral hernias 
are described on page 98. 
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Classification of the Muscles 
(A-D) 


All but one of the muscles which arise in 
the leg are attached to the bones of the 
foot. The only exception is the pop- 
liteus, which is inserted in the leg and 
must be classified with the thigh mus- 
cles. The muscles of the leg can only be 
classified according to their location, 
principally into anterior and posterior 
groups. They are separated by the tibia 
and fibula and the interosseus mem- 
brane. 


The two main groups are divided in turn 
into subgroups or layers. The anterior 
muscle group consists of the anterior 
extensors and the lateral subdivision of 
the peroneal group. The flexors on the 
posterior side of the leg are subdivided 
into the superficial or calf muscles and 
the deep muscles. 


Functionally, the leg muscles can be 
subdivided into the extensors, lying on 
the anterior surface and responsible for 
dorsiflexion of the foot, and the flexors, 
which lie posteriorly and produce plan- 
tar flexion of the foot. 


On the basis of their innervation, how- 
ever, the muscles may be divided into 
those which receive nerves from the 
dorsal division of the plexus and those 
which are supplied by the ventral di- 
vision. 

For practical purposes the muscles of 
the leg, like those of the forearm, are 
best discussed according to their loca- 
tion. 


Anterior Muscles of the Leg 
Extensor Group 


Tibialis anterior (1), extensor digitorum 
longus (2) and extensor hallucis longus 
(3). 

Peronea: Group 

Peroneus longus (4), peroneus brevis 


(5). 


Long Muscles of the Leg and the Foot 


Posterior Muscles of the Leg 
Superficial Layer 


Triceps surae (6; with Achillestendon), 
consisting of soleus (7), gastrocnemius 
(8) and plantaris (9). 


Deep Layer 


Tibialis posterior (10), flexor hallucis 
longus (11) and flexor digitorum lon- 
gus (12). 


13 Popliteus, 

14 Semimembranosus, 

15 Sartorius, 

16 Gracilis, 

17 Semitendinosus, 

18 Popliteal artery and vein, 

19 Tibial nerve, 

20 Common peroneal nerve, 

21 Great saphenous vein, 

22 Small saphenous vein, 

23 Saphenous nerve, 

24 Superficial peroneal nerve, 
25 Deep peroneal nerve, 

26 Lateral sural cutaneous nerve, 
27 Sural nerve, 

28 Peroneal artery, 

29 Anterior tibial artery and vein, 
30 Posterior tibial artery and vein, 
31 Tibia, 

32 Fibula. 
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Extensor Group (A-C) 


The tibialis anterior (1) arises from a 
wide area (2) of the lateral surface of 
the tibia, the interosseous membrane 
and the crural fascia. Its threesided 
belly ends in a tendon which extends 
beneath the superior extensor re- 
tinaculum (3) and the inferior extensor 
retinaculum (4) surrounded by a syno- 
vial sheath. /t is inserted in the plantar 
surface of the medial cuneiform bone 
(5) and the 1st metatarsal (6). The sub- 
tendinous bursa of the tibialis anterior 
lies between its tendon and the medial 
cuneiform bone. 


When the leg is not bearing any weight, 
the tibialis anterior flexes the foot dor- 
sally and at the same time lifts the me- 
dial edge of the foot supination. When 
the leg is weighted, it approximates the 
leg to the back of the foot as, for exam- 
ple, in rapid walking, or in skiing. A 
slight participation in pronation has 
also been described. 

Nerve supply: Deep peroneal nerve (L4— 
L5). 


Practical Points 


Under great stress the tibialis anterior may 
become fatigued resulting in pain along the 
muscle. 


The extens igitorum longus (7) 
arises from a EIER area (8), namelyfrom 
the lateral condyle of the tibia, the head 
and anterior crest of the fibula, the:fas- 
cia of the leg and the interosseous 


membrane. In the region of the ankle 


the tendon, in which the muscle ends, is 
divided into four parts and extends to 
the 2nd-5th digits. 


These tendons are enclosed in a com- 
mon synovial sheath and run under the 
superior extensor retinaculum (3) and 
the inferior extensor retinaculum (4), 
lateral to the tendon of the tibialis an- 
terior; they extend over the dorsum of 
the foot into the dorsal aponeuroses of 
the 2nd-5th digits. 


Inthe non-weight-bearing leg, the mus- 
cle produces dorsiflexion of the digits 
and the foot. In the weight-bearing leg 
its function is the same as that of the 
tibialis anterior. 

Nerve supply: Deep peroneal nerve (L5— 
$1). 


Variants 


The extensor digitorum longus has an addi- 
tional tendon which extends to the base of 
the 5th metatarsal and sometimes also to 
the base of the 4th metatarsal. This addi- 
tional tendon is called the er- 
tius(9), and as part of the extensor digito 


longus it may have a separate origin from the 


distal third of the anterior edge of the fibula. 
It acts as a pronator an: d abductor of the esu b- 


talar and talocalcaneonavicular joints. 
The 0) 







arises from the 
fibula and the inter 2 
(11). It continues as a atendon went runs 
in its own synovial sheath between the 
sheath for the tendon of the tibialis an- 
terior and that for the extensor di- 
gitorum longus beneath the superior 
extensor retinaculum (3) and inferior 
extensor retinaculum (4). It reaches 
across the 1st metatarsal to the dorsal 
aponeurosis of the great digit and is in- 
serted into the terminal phalanx (12). 
The extensor hallucis longus flexes the 
great toe dorsally and in the unstressed 
leg it aids dorsiflexion of the foot. In the 
weight-bearing leg its function resem- 
bles that of the tibialis anterior, since it 
brings the leg nearer to the dorsum of 
the foot. To asmall extent it also aids in 
pronation and supination of the foot. 
Nerve supply: Deep peroneal nerve (L4— 
$1). 


Variants 


A separate muscle bundle may split off and 
be attached to the 1st metatarsal as the 
extensor hallucis accessorius. 


13 Tibia, 
14 Fibula. 
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Peroneal Group (A-D) 


The peroneal muscles act as plantar 
flexors, a function they attained only 
secondarily, due to their displacement 
behind the lateral malleolus. Originally 
they lay in front ofthe malleolus, as can 
still be seen in predators. 


The peroneus longus (1) arises (2) from 


the capsule of the tibiofibular joint, the 
head of the fibula and the proximal re- 
gion of the fibula. \t ends in a long ten- 
don which runs behind the lateral mal- 
leolus and, together with the tendon of 
the peroneus brevis (3), it passes under 
the superior peroneal retinaculum (4) in 
a common synovial sheath. The tendon 
of the peroneus longus extends distally 
from the peroneal trochlea of the cal- 
caneus in an evagination of the com- 
mon synovial sheath (fixed by the in- 
ferior peroneal retinaculum [5]), across 
the plantar surface to the tuberosity of 
the 1st metatarsal (6) and the medial 
cuneiform bone (7). Its tendon reaches 
the site of insertion by coursing through 
a tendon groove of the cuboid (8) ina 
special fibrous canal, which runs from 
the lateral side behind the tuberosity of 
the 5th metatarsal obliquely to the me- 
dial margin of the foot. Within this ca- 
nal, on the sole of the foot, another 
synovial sheath encloses the tendon. 
Due to this course its function is similar 
to that of a bow string (Kummer) and it 
braces the transverse arch of the foot. It 
depresses the medial edge of the foot 
and, together with the peroneus brevis, 
it is the strongest pronator. It also aids 
plantar flexion. 

Nerve supply: Superficial 
nerve (L5—S1). 


The peroneus b evis (3) arises from the 
late Ehe fibula (9). Its ten- 
don, together with that of the peroneus 
longus, runs in a synovial sheath in the 
groove for the tendon of the peroneus 
longus, beneath the superior peroneal 
retinaculum (4). On the lateral surface 
of the calcaneus, the tendon becomes 


peroneal 


fixed proximally, i.e.,above the peroneal 
trochlea of the calcaneus, by the in- 
ferior peroneal retinaculum (5) where 
an evagination of the common synovial 
sheath surrounds the tendon. This is at- 
tached to the tuberosity of the 5th 
metatarsal (10). The muscle acts like 
the peroneus longus. 

Nerve supply: Superficial 
nerve (L5-S1). 


peroneal 


Variants 


The peroneus quartus is seldom present. It 
arises from the fibula and is attached to the 
lateral surface of the calcaneus or to the 
cuboid. Itis closely associated with the ten- 
dons of the extensor digitorum longus. 
It may also send a small tendon to the 5th 
digit. 


11 Tibia, 

12 Fibula, 

13 Soleus, 

14 Gastrocnemius, 

15 Interosseus membrane. 
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Posterior Leg Muscles, 
Superficial Layer (A—D) 


The superficial layer of muscles is 
formed by the triceps surae, consisting 
of the soleus (1), gastrocnemius (2) and 
(when present) the plantaris (3). 


The soleus arises from the head and 
upper third of the dorsal surface of the 
fibula (4), from the middle of the tibia (5) 
and from the tendinous arch between 
the head of the fibula and the tibia, i.e., 
the tendinous arch of the soleus which 
lies distal to the popliteus (6). The large 
terminal tendon of the muscle joins the 
terminal tendon of the gastrocnemius 
and is inserted into the tuber calcanei 
(8) as the calcaneal tendon (“Achilles’ 
tendon”; 7). Between the proximal sur- 
face of the tuber calcanei and this ten- 
don lies the bursa of the calcaneal ten- 
don. 


The gastrocnemius (2) arises proximal 
to the medial femoral condyle (10) with 
a medial head (9) and with a lateral head 
(11) proximal to the lateral femoral con- 
dyle (12). Some of the fibers from both 
heads also arise from the capsule of the 
knee joint. The two heads run distal- 
ward, forming the inferior borders of 
the popliteal fossa, and join the tendon 
of the soleus; they are inserted into the 
tuber calcanei (8). 


The plantaris (3) is a slight, delicate 
muscle with a very long terminal ten- 
don. /t arises in the region of the lateral 
head of the gastrocnemius proximal to 
the lateral femoral condyle and from the 
capsule of the knee joint. Its tendon 
runs distally between the gastro- 
cnemius and soleus andis embedded in 
the medial edge of the calcaneal ten- 
don. 

Nerve supply: The tibial nerve (S1-S2) 
supplies all the muscles. 


Variants 


The plantaris may be absent in 5-10% of 
cases. 


The triceps surae is simply the plantar 
flexor par excellence. It can lift the 
weight of the body both in standing and 
walking. Its strength is most obvious in 
ballet dancing, which requires maximal 
plantar flexion. Full activity of the 
triceps surae is only possible with the 
knee extended, as with the knee bent 
the gastrocnemius is already shor- 
tened. Therefore, the gastrocnemius is 
particularly important in walking as it is 
not only involved in lifting the heel but 
also in flexing the knee joint. In this 
movement it receives some assistance 
from the plantaris. 


The triceps surae is also considered to 
be the strongest supinator in the sub- 
talar and talocalcaneonavicular joints. 


Practical Points 


Rupture of the Achilles’ tendon may occur 
after short stress. The most vulnerable 
people are those who are athletically uncon- 
ditioned and who suddenly put stress on 
the tendon without any preliminary training. 
However, there is usually also a past history 
of tendon injury. 


13 Flexor digitorum longus, 
14 Flexor hallucis longus, 
15 Tibialis posterior, 

16 Interosseous membrane, 
17 Tibia, 

18 Fibula. 
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Posterior Leg Muscles, Deep 
Layer (A-C) 


The tibialis posterior (1) arises fram the 
interosseous membrane (2) and the ad- 
joining surfaces of the tibia (3) and 
fibula (4). The tendon (5) runs. down- 
ward in the malleolar groove behind the 
medial malleolus (6) in a synovial 
sheath between the sustentaculum tali 
and the tuberosity of the navicular 
bone and reaches the sole of the foot. /t 
divides into two parts. The thicker, 
medial part is attached to the tuberosity 
of the navicular bone, while the lateral, 
somewhat weaker part is inserted into 
the three cuneiform bones. |In the non- 
weight-bearing leg the tibialis posterior 
produces plantar flexion and simul- 
taneous supination. In the weight- 
bearing leg it approximates the heel to 
the calf of the leg. 

Nerve supply: Tibial nerve (L4—L5). 


Variants 


The insertion of the muscle often extends 
also to the base of the 2nd, 3rd and 4th 
metatarsals and the cuboid bone. Occasion- 
ally the muscle is absent. 


The flexor hallucis longus (7) arises 
from the distal two-thirds of the pos- 
terior surface of the fibula (8), the in- 
terosseous membrane (9) and the pos- 
terior crural intermuscular septum (10). 
Its relatively thick muscle belly extends 
a long way distalward and then is trans- 
formed into its tendon, which lies in the 
groove for the tendon of the flexor hal- 
lucis longus in the talus and calcaneus, 
where itis invested by asynovial sheath. 
It extends beneath the flexor re- 
tinaculum (11) to the sole of the foot 
where it is inserted into the base of the 
terminal phalanx of the 1st digit. Distal 
to the sustentaculum tali it is crossed 
superficially by the tendon of the flexor 
digitorum longus. The flexor digitorum 
longus opposes development of a pes 
planovalgus by supporting the arch of 
the foot. It produces plantar flexion of 


the 1st digit and in some cases also of 
the others. It assists in supination. 
Nerve supply: Tibial nerve (S1-S3). 


Variants 


It may also give off terminal tendons to the 
2nd and 3rd digits. 


The flexor digitorum longus (12) arises 
from the posterior surface of the tibia 
(13), and its tendon (14) runs in a syno- 
vial sheath beneath the flexor re- 
tinaculum (11) to the sole of the foot. In 
the leg it posteriorly « crosses the tibialis 
posterior and on the sole of the foot it 
superficially crosses the tendon of the 
flexor hallucis longus. In the sole of the’ 
foot the tendon into four ter- 


minal tenaens which extend to the ter- 





digits. Distal to this division the qua- 
dratus plantae radiates into it (see ‘p. 
262). In the region of the middle phalan- 
ges its terminal tendons penetrate the 
tendons of the flexor digitorum brevis. 
In the non-weight-bearing leg it plan- 
tarflexes the digits and then the foot. It 
also acts as a supinator. In the weight- 
bearing limb it assists in the support of 
the plantar arch. 
Nerve supply: Tibial nerve (S1—S3). 


The popliteus (15; see also p. 220) 
arises from the lateral femoral epicon- 
dyle (16). Between the muscle and the 
knee joint lies the subpopliteal recess, 
which is always connected with the 
joint. /tis inserted on the posterior tibial 
surface (17). The popliteus flexes the 
knee joint and medially rotates the leg. 
Nerve supply: Tibial nerve (L4-S1). 


18 Gastrocnemius, 
19 Soleus, 
20 Plantaris. 
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254 Talocrural, Subtalar and Talocalcaneonavicular Joint 


RN : Muscles 
Classification According to 


Function (A—D) 


All the muscles act on several joints, but 
only their actions on the talocrural, sub- 
talar and talocalcaneonavicular joints 
will be described. 


Dorsiflexion (extension) and plantar- 
flexion (flexion) occur around the trans- 
verse axis of the talocrural (ankle) joint 
(see p. 210), which runs through the tip 
of the medial malleolus and the lateral 
malleolus. 


Pronation = Eversion (elevation of the 
lateral margin of the foot) and supina- 
tion = Inversion (elevation of the medial 
margin of the foot) occur around the 
oblique axis of the subtalar and talo- 
calcaneonavicular joints. 


Dorsiflexion (A) is produced by the 
tibialis anterior (red), extensor di- 
gitorum longus (blue) and extensor hal- 
lucis longus (yellow). 


Plantarflexion (B) is produced by the 
triceps surae (red), peroneus longus 
(blue), peroneus brevis (yellow), flexor 
hallucis longus (orange), flexor di- 
gitorum longus (green) and tibialis 
posterior (brown). 


Pronation (C) is produced by the pero- 
neus longus (red), peroneus brevis 
(blue), extensor digitorum longus 
(yellow) and peroneus tertius (orange). 


Supination (D) is produced by the tri- 
ceps surae (red), tibialis posterior 
(blue), flexor hallucis longus (yellow), 
flexor digitorum longus (orange) and 
tibialis anterior (green). 


The colors of the arrows show the order 
of importance of the muscles in each 
movement: 

red 

blue 

yellow 

orange 

green 

brown. 
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A-D Actions of muscles in the region of the tarsal bones 
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As in the hand, only the tendons of the 
extrinsic muscles ofthefootextend into 
the foot; the muscle bellies of these 
tendons lie in the leg. In addition to 
these tendons there are the intrinsic 
muscles of the foot, which lie either on 
the dorsum or the sole of the foot. Apart 
from this topographical classification, 
the intrinsic muscles may be classified 
according to their innervation, the mus- 
cles of the dorsum of the foot being in- 
nervated by the dorsal division of the 
plexus and those of the sole of the foot 
by the ventral division. Like the muscles 
of the hand, the muscles of the sole of 
the foot may be divided into three 
groups; those of the lateral plantar 
eminence, those of the middle plantar 
eminence and those which form the 
medial plantar eminence. 


Muscles of the Dorsum of the 
Foot (A-C) 


The tendons of the extensor digitorum lon- 
gus (1; see p. 246) and the extensor 
hallucis longus (2; see p. 246) lie superfi- 
cial to the intrinsic muscles of the dor- 
sum of the foot. They are held in posi- 
tion by the ori - 


‚superior. „extensor re 
tinaculu ‚see p. 264) andtheinferior 

um (4; see p. 264). 
The tendons of the long extensors form 

a dorsal aponeurosis into which the short 

extensors of the digits and the plantar 

and dorsal interossei also radiate (5;see 


p. 262). 


The extensor digitorum brevis (6) 
arises from the calcaneus (7), near the 
entrance to the tarsal sinus, and from 
one side of the inferior extensor re- 
tinaculum (4). It extends with three ten- 
dons to the dorsal aponeurosis (8) of the 
2nd to 4th digits. It is responsible for 
dorsiflexion of these digits. 

Nerve supply: Deep peroneal nerve (S1— 
$2). 


The extensor hallucis brevis (9), which 
extends into the dorsal aponeurosis of 


Intrinsic Muscles of the Foot 


the 1st digit, splits off from the extensor 
digitorum brevis, with which it has a 
common origin from the calcaneus. 
Like the latter muscle it serves to dorsi- 
flex the 1st digit. 

Nerve supply: Deep peroneal nerve (S1— 
$2). 


10 Tibialis anterior, 
11 Peroneus tertius. 


‘ 
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Muscles of the Sole ofthe Foot 
(A-C) 


Three muscle groups may be. distin- 
guished in the sole of the foot — the 
muscles in the region of the great and 
little digits and those in the middle re- 
gion. The abductor hallucis and the 
flexor hallucis brevis belong to the re- 
gion of the big digit. In a wider sense it 
also includes the adductor hallucis, 
which originally formed a separate sys- 
tem. The abductor digiti minimi, the 
flexor digiti minimi brevis and oppo- 
nens digiti minimi belong to the region 
of the little digit. The middle muscle 
group consists of the lumbricales, 
quadratus plantae, interossei and flexor 
digitorum brevis. 


Allthe muscles of the sole of the footare 
covered by the dense and strong plan- 
tar aponeurosis (1), which is derived 
from the superficial fascia. The plantar 
aponeurosis consists of longitudinal fiber 
bundles (2), which arise from the tuber 
calcanei and radiate into the digits. 


Transverse fibers (3) interconnect these 
longitudinal fiber bundles. On the me- 
dial and lateral borders of the foot the 
plantar aponeurosis merges into the 
thin fascia of the dorsum of the foot. 
Two tough septa extend deeply from the 
surfaces as the medial and lateral plan- 
tar septa (4). The former is attached to 
the 1st metatarsal, the medial cu- 
neiform bone and the navicular and 
the latter to the 5th metatarsal and 
the long plantar ligament. The three 
connective tissue spaces formed by 
these septa and the plantar aponeurosis 
each contain the three muscle groups, 
described above, and fatty tissue. These 
cushions, formed by the muscles and 
fat, transmit the weight of the body to 
the underlying substrate. The plantar 
aponeurosis, septa, muscles, fatty tis- 
sues and skeleton of the foot form a 
functional entity. Thus, the plantar. 
_ aponeurosis makes an important con-» 


Intrinsic Muscles of the Foot 


tributi o enance of the lon- 
gitudinal arch (see p. 214). 


Muscles of the Big Digit 


The abductor hallucis (5) arises from 
the medial process of the tuber calcanei 
(6), from the flexor retinaculum and 
from the plantar aponeurosis (7). Its ori- 
gin makes atendon arch beneath which 
the tendons of the long flexors of the 
digits run in the tarsal canal. The muscle 
is inserted into the medial sesamoid 
bone (8) and the base of the proximal 
phalanx (9). There is usually a synovial 
bursa between its tendon of insertion 
and the metatarsophalangeal joint. It 
acts as an abductor and a weak flexor 
and helps to maintain the arch of the 
foot. 

Nerve supply: Medial 
(L5-S1). 


The flexor hallucis brevis (10) arises 
from the medial cuneiform bone (11), 
the long plantar ligament and the ten- 
don of the tibialis posterior. \t has two 
heads; the medial head (12) is combined 
with the abductor hallucis and extends 
to the medial sesamoid bone (13) and 
the proximal phalanx (14), while the lat- 
eral head (15) joins the adductor hallucis 
andis inserted into the lateral sesamoid 
bone (16) and the proximal phalanx 
(17). Itis an important plantar flexor and 
is needed particularly in ballet dancing. 
Nerve supply: Medial plantar nerve 
(L5-S1). 


plantar nerve 


f 
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Muscles of the Big Digit 
(continued, A—C) 


x 


The adductor hallucis (1) has two heads. 
It only becomes visible after the flexor 
digitorum longus and the flexor di- 
gitorum brevis (2) have been removed 
(A). The strong oblique head (3) arises 
from the cuboid (4) and lateral 
cuneiform (5) bones and from the bases 
of the 2nd and 3rd metatarsals (6). Other 
surfaces of origin may include the 4th 
metatarsal, the plantar calcaneo- 
cuboidal ligament, the long plantar 
ligament (7) and the tendon sheath (8) 
of the peroneus longus. The transverse 
head (9) arises from the capsular liga- 
ments of the metatarsophalangeal 
joints of the 3rd—5th digits (10) and also 
from the deep transverse metatarsal 
ligament. Both heads are inserted into 
the lateral sesamoid bone (11) of the 
big digit. The muscle acts especially as 
a tensor of the plantar arches. In addi- 
tion it adducts the big digit and may 
then plantarflex the proximal phalanx. 
Nerve supply: Deep branch of the me- 
dial plantar nerve (S1—S2). 


Intrinsic Muscles of the Little Digit 
(A-C) 


The opponens digiti minimi (12) arises 
from the long plantar ligament (7) and 
from the tendon sheath of the peroneus 
longus (13). It is inserted into the 5th 
metatarsal (14). Its functions are to 
plantarflex the 5th metatarsal and to 
support the plantar arch. It is quite often 
absent. 

Nerve supply: Lateral plantar nerve 
(S1-S2). 


The flexor digiti minimi (15) arises from 
the base of the 5th metatarsal (16), from 
the long plantar ligament (7) and from 
the tendon sheath of the peroneus lon- 
gus. It extends to the base of the proxi- 
mal phalanx (17) of the 5th digit and 


Intrinsic Muscles of the Foot 


usually merges with the abductor digiti 
minimi. It acts as a plantar flexor. 
Nerve supply: Lateral plantar nerve 
(S1-S2). 


The abductor digiti minimi (18) is the 
largest and longest of the muscles of 
the little digit. In the main it actually 
forms the lateral margin of the foot. It 
arises from the lateral process of the 
tuber calcanei (19), from the lower sur- 
face of the calcaneus (20), the tuberos- 
ity of the 5th metatarsal (21) and the 
plantar aponeurosis and extends to the 
proximal phalanx (22) of the 5th digit. 
Like the other muscles it supports the 
arch of the foot. In addition it plantar- 
flexes the 5th digit and, to a small ex- 
tent, it acts also as an abductor. 

Nerve supply: Lateral plantar nerve 
(S1-S2). 


23 Quadratus plantae. 
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C Diagram of origin, course 
and insertion of the muscles 


A Adductor hallucis and muscles 
in region of 5th digit, 
after removal of flexors 


B Muscles of sole of foot; survey 
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Muscles ofthe Sole ofthe Foot 


Intrinsic Muscles in the Center of the 
Sole of the Foot (A-C) 


The four lumbricales (1) arise from the 
medial surfaces of the individual ten- 
dons (2) of the flexor digitorum longus. 
They extend to the medial margin of the 


proximal phalanges of the 2nd—5Sth — 


digits and radiate into the extensor 
aponeurosis. Th are involved 
inp rflexion and movements of the 
four lateral digits toward the big digit. 
They also help to reinforce the plantar 
arch. 

Nerve supply: Medial plantar nerve to 
the 1st, 2nd and 3rd lumbricales, and 
lateral plantar nerve to the 4th lumbri- 
calis (L5—S 2). 


Variants 

In contrast to the lumbricales of the hand, 
those of the foot are quite variable. They 
may be absent or there may be more than 
four. They are inserted on the articular 
capsules of the metatarsophalangeal joints 
as well as to the proximal phalanges. 


The quadratus plantae (3) is also 
known as the plantar head of the flexor 
digitorum longus (flexor accessorius). 
It arises with two slips from the medial 
and lateral margins of the plantar sur- 
face of the calcaneus and projects into 
the lateral margin of the tendon (4) of 
the flexor digitorum longus. 

Nerve supply: Lateral plantar nerve 
(S1-S2). 


Variants 

It may extend into the common tendon of 
the flexor digitorum longus or into the four 
divisions ofthistendon, in which case itonly 
extends to the two lateral tendons. 


The interossei may be divided into plan- 
tar (5; blue) and dorsal (6; red) parts. 
They are arranged with respect to the 
2nd digit as the longitudinal axis of the 
foot. 

The three piantar interossei each arise by 
a single head from the medial side of the 
3rd-Sth metatarsals (7) and may re- 


Intrinsic Muscles of the Foot 


ceive additional fibers from the long 
plantar ligament. They extend to the 
medial side of the base of the proximal 
phalanx of the 3rd-Sth digits (8). 


Tne, fou dana Meese AS a 
heads from ug opposing surfaces o all 


the metatarsals (9) and from the long 
__ plantar ligament. They are attached 


_ to the bases of the proxi 


nalanges, 
of the, 2nd—4th digits (10). 

The plantar interossei act as adductors 
and pull the 3rd, 4th and 5th digits to- 
ward the 2nd digit. The dorsal interossei 
are abductors. The 1st and 2nd are in- 
serted into the proximal phalanx of the 
2nd digit and the 3rd and 4th are in- 
serted into the proximal phalanx of the. 
3rd and 4th digits. 


In contrast to the interossei of the hand, 
they usually do not reach the extensor 
aponeurosis. In addition to their func- 
tions as abductor and adductor, they 
work together as plantar flexors at the 
metatarsophalangeal joint. 

Nerve supply: Deep branch of the lateral 
plantar nerve (S1—S2). 


The fl evis (11) arises 
from the undersurface of the tuber cal- 
canei and from the proximal part of the 
plantar aponeurosis. Its tendons, which 
are inserted into the middle phalanx of 
the 2nd—4th digits, are divided near 
their termini (12). The tendons of the 
flexor digitorum longus (2) run between 
these divided tendons. Thus, the flexor 
digitorum brevis is also called the per- 
foratus. In this region the tendons to- 
gether with the tendons of the flexor di- 
gitorum longus are surrounded by a 
synovial sheath. This muscle plantar- 
flexes the middle phalanges. 

Nerve supply: Medial plantar nerve 
(L5-S1). 


Variants 

The tendon to the 5th digit (little toe) is often 
absent. In some cases the entire muscle 
may be absent. 
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The superficial fascia of the leg, the 
crural fascia (1), is the continuation of 
the fascia lata and its special popliteal 
fascia. It encloses the superficial mus- 
cle layers of the leg. Strengthening fi- 
bers are interwoven into the crural fas- 
cia and delineate certain particular fea- 
tures. Thus, i 
dist 


over the extensors in the 
rRNA ena 





ing the superior extensor retnacul UY 
(2), and in the tarsal region on =. 
_sum of the foot as the inferior extensor 
retinaculum,(3), which are visible due to 
reinforcing fibers within the fascia. The 
retinacula can be demonstrated with 
care in the fascia. On the lateral: side 





ee 
fascia deeply to the fibula. These are the 
anterior (4) and posterior (5) crural in- 
termuscular septa. At the distal end, in 





eee ). Both can 


only be demonstrated by es 


The fascia over the dorsal crural mus- 
cles is thin. It is only ea dis- 


tinaculum (7), or laciniate En, the 


Fascias of the Leg (A-D) 


way by these connective tissue layers 
and the interosseus membrane. 


On the dorsum of the foot, the superfi- 
cial fascia of the dorsum of the foot (9) 
lies distal to the inferior extensor re- 
tinaculum (8). tis very delicate and thin. 
It forms the immediate continuation of 
the crural fascia and extends distalward 
into the extensor aponeurosis of the 
digits. Laterally it is attached to the 
sides of the foot. Proximally, at the 
attachments of the superior extensor 
retinaculum, it forms the cross-shaped 
inferior extensor retinaculum, which 
however, can be demonstrated only by 
careful dissection, and in which later- 
ally the proximal crus is often absent. 
In this case these reinforcing fiber bun- 
dles within the fascia appear Y-shaped. 
Deep to the tendons of the extensor di- 
gitorum longus is a connective tis- 
sue layer, the deep fascia of the dor- 
sum of the foot, which is dense and 
tight and is also attached to the borders 
of the foot. 





superficial layer of which serves asthe 


boundary of the tendons of the » deep 
musc ia. 


The musculature of the calf may be di- 
vided into a superficial and a deep layer 
of muscles. Between the two groups lies 
the deep crural fascia (8), which arises 
proximal to the tendinours arch of the 
soleus. Part of the soleus also arises 
from it. At the distal end it has thicker 
fibers, and these form the deep /ayer 
Brenn on the medial 
side, and on the lateral side they con- 
tribute to the superior peroneal retina- 
culum. The four different muscle 
groups in the leg are separated in this 
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As in the hand, there are various tendon 
sheaths in the foot. On the dorsum of the 
foot we find the synovial sheaths for the 
tendons of the tibialis anterior (1), the 
extensor hallucis longus (2), the exten- 
sor digitorum longus (3) and the 
peroneus tertius (when present). The 
tendons, or rather the tendon sheaths, 
on the dorsum of the foot, are held in 
place by the superior extensor re- 
tinaculum (4) and the inferior extensor 
retinaculum (5). On the lateral side of 
the tarsus, in the region of the peroneal 
trochlea of the calcaneus, lies the 
synovial sheath of the peroneal muscles 
(6), which continues around the plantar 
portion of the tendon of the peroneus 
longus (7) to the side of the foot and 
deeply into the sole. Laterally, the 
common tendon sheath of the peroneal 
muscles is held in place by the superior 
peroneal retinaculum (8) and the in- 
ferior peroneal retinaculum (9). 


The tendons of the flexors lie on the 
medial side, immediately behind the 
medial malleolus. The tendon sheaths 
run deep to the flexor retinaculum 
(laciniate ligament). This consists of a 
superficial stratum (10), which consti- 
tutes a thickened portion of the crural 
fascia, and a deep stratum (11). The 
tendons of the tibialis posterior (12) and 
the flexor digitorum longus (13) run un- 
der the deep stratum, each in its own 
synovial sheath. The sheath which sur- 
rounds the tendon of the flexor hallucis 
longus (14) also runs under the deep 
stratum (see also p. 402). 


On the sole of the foot there are five syno- 
vial sheaths corresponding to the individual 
digits (15), and these do not usually 
communicate with each other. These 
synovial tendon sheaths are reinforced 
by strong fibrous sheaths of the digits (16). 
Each fibrous sheath has an annular part 
(17, annular ligament of the digits), con- 
sisting of circular fiber bundles and ly- 
ing in the articular regions. Between the 
joints is thecruciform part of the fibrous 
sheath (18), which consists of criss- 


Tendon Sheaths in the Foot 


cross connective tissue fibers. Unlike in 
the hand, there are no tendon sheaths in 
the middle compartment of the sole of 
the foot. Only the tendon sheaths for the 
tendons of the flexor hallucis longus 
(14) and the flexor digitorum longus (13) 
mentioned above, extend as far as the 
midfoot. 
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C Tendon sheaths in 
sole of foot 
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retromalleolar region 
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The bony frame-work of the head, the 
skull or cranium, forms the upper end of 
the trunk. It acts as the container for the 
brain and the sense organs, forms the 
substructure of the face, and also con- 
tains the initial portions of the gastroin- 
testinal and respiratory tracts. The vari- 
ety of its tasks determines the differen- 
tiation in the construction of the skull. 


The skull consists of two parts, the 
neurocranium for the brain, and the 
splanchocranium or viscerocranium, 
the facial skeleton. The boundary be- 
tween the two lies in the region of the 
root of the nose and extends along the 
upper margin of the orbits to the exter- 
nal auditory meatus. 


The shape of the skull is partly determined 
by the muscles, which may produce certain 
changes due to their functions, and in part 
by the contents of the skull. Thus, there is a 
correlation between the neurocranium and 
the brain contained within it. The influence 
here is reciprocal, as excessive expansion 
of the brain may produce enlargement of 
the neurocranium, e. g., as in hydrocepha- 
lus (see p. 296). On the other hand, prema- 
ture cessation of neurocranial growth may 
result in malformation of the brain. There is 
not only areciprocal effect within the neuro- 
cranium but also a close relationship to the 
facial skeleton. Thus the development of the 
muscles and of the supporting system of the 
dura mater within the skull capsule are also 
interrelated. 


Ossification of the Skull 


Fundamentally there are two develop- 
mental processes in the skull, distin- 
guishable by the type of bone forma- 
tion. One is the chondrocranium and 
the other the desmocranium. In the 
chondrocranium there is replacement 
bone formation, while in the desmo- 
cranium, the individual bones develop 
as membrane bones directly from con- 
densations in the connective tissue. 
Both types of development occur in the 
two functional parts (the neurocranium 
and viscerocranium). However, por- 


tions of either desmal or chondral 
origin may fuse together to form a 
single bone, as, for example, in the 
temporal bone. 


The neurocranium (A; orange) consists 
of the occipital bone (1), sphenoid bone 
(2), squamous (3) and mastoid portion 
of the petrous (4) parts of the temporal 
bone, the parietal bones (5) and the 
frontal bone (6). 


The viscerocranium (A; gray) is com- 
posed of the ethmoid bone (7), the in- 
ferior nasal conchae, the lacrimal bones 
(8), the nasal bones (9), the vomer, the 
maxillae (10) with the incisive bone, the 
palatine bones, the zygomatic bones 
(11), the tympanic parts (12) and the 
styloid processes (13) of the temporal 
bones, the mandible (14) and the hyoid 
bone. 


Bones preformed in cartilage (B; blue) 
include the occipital bone (1; with the 
exception of the upper part of its squa- 
ma, 15), the sphenoid bone (2; with the 
exception of the medial lamella of the 
pterygoid process), the temporal bone 
with its petrous part (4) and the ear ossi- 
cles, the ethmoid bone (7), the inferior 
nasal concha and the hyoid bone. 


The following bones are formed by os- 
sification in connective tissue (B; yel- 
low): the upper part of the squama of 
the occipital bone (15), the sphenoidal 
concha, the medial lamella of the 
pterygoid process, the tympanic part 
(12), the squamous part of the temporal 
bone (3), the parietal bone (5), the fron- 
tal bone (6), the lacrimal bone (8), the 
nasal bone (9), the vomer, the maxilla 
(10), the palatine bone, the zygomatic 
bone (11) and the mandible (14). 
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A Neurocranium (orange) and 
viscerocranium (gray) 


chondrocranium (blue) 


5 Desmocranium (yellow) and 
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Special Features of Intramem- 
branous Ossification (A—D) 


The skull cap develops in connective 
tissue and has several ossification cen- 
ters from which bone formation 
radiates in all directions. In this way 
paired protuberances develop — two 
frontal eminences (1) and two parietal 
eminences (2). The bones develop from 
these eminences. At birth large connec- 
tive tissue areas, the fontanelles or fon- 
ticuli, are still left between the individual 
bones. The anterior fontanelle (3) is an 
unpaired opening closed by connective 
tissue, which is almost square and at 
birth has a diagonal length of 2.5-3 cm. 
The smaller, unpaired posterior fon- 
tanelle (4) is also closed by connective 
tissue and is triangular in shape. The 
anterior fontanelle lies between the two 
frontal bone anlagen and both parietal 
anlagen. The posterior fontanelle lies 
between the two parietal bone anlagen 
and the anlage of the upper squama of 
the occipital bone. The paired fontanel- 
les lie laterally, of which the sphenoidal 
fontanelle (5), closed by connective tis- 
sue, is the larger and should be distin- 
guished from the small mastoid fon- 
tanelle (6), which is occluded by carti- 
lage (corresponding to a synchon- 
drosis). The sphenoidal fontanelle lies 
between the frontal, parietal and 
sphenoid bones, and the mastoid fon- 
tanelle lies between the sphenoid, tem- 
poral and occipital bones. 


The fontanelles only become closed af- 
ter birth, the first being the posterior 
fontanelle in the 3rd month, the 
sphenoidal fontanelle follows in the 
6th month, the mastoid fontanelle in 
the 18th month and the anterior fontan- 
elle in the 36th month. 


Practical Points 


In the newborn and in infants the anterior 
fontanelle can be used for taking blood 
samples from the dural sinuses. Venepunc- 
ture is also possible through the great fon- 
tanelle. 


The remnants of connective tissue be- 
tween the skull bones form the sutures 
(see p. 22), which permit continued 
growth of the bones. Only when the 
bones are completely fused as synos- 
toses does growth cease. 


Between some of the bones preformed 
in cartilage (chondrocranium) there are 
cartilaginous areas (synchondroses). The 
spheno-occipital synchondrosis, which 
ossifies at about the 18th year, is of 
practical interest. In the region of the 
sphenoid body the intersphenoidal 
synchondrosis is found, which ossifies 
early, while between the sphenoid and 
ethmoid bones is the sphenoethmoidal 
synchondrosis, which does not ossify 
until maturity. 


Growth of the skull, as already stated, is 
dependent on the function and the con- 
tents of the skull. The neurocranium 
and viscerocranium do not grow at an 
equal rate, but only in the first years of 
life is there more rapid growth of the 
viscerocranium which initially lagged 
behind. 
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A Lateral view of skull of 
newborn 


D Superior view of skull 
of two-year old child 


B Superior view of skull 
of newborn 


; Lateral view of skull 
of two-year old child 


Ze Skull 


Each of the flat bones of the skull con- 
sists of a compact outer table (“lamina 
externa’), and a compact inner table 
(“lamina interna’). Between the two lie 
the siploe (spongy layer), in which there 
are numerous veins. Within other bones 
of the skull are certain air-filled spaces 
associated with the nasal sinuses. The 
temporal bones contain the sensory or- 
gans of hearing and balance. 


On the outside the skull is covered by 
the pericranium, and the inner surface of 
the skull is covered by endocranium, the 
dura mater. 


It is useful first of all to take a unified 
view of the skull from its various as- 
pects, in order to recognise the func- 
tional associations of the latter and to 
comprehend the special features of the 
individual skull bones. The various 
cavities within the skull are also dis- 
cussed below. 


Calvaria (A—C) 


The vault of the cranium, the calvaria, 
consists of a frontal bone (gray), parietal 
bones (light gray), parts of the temporal 
bones (brown) and the uppermost part of 
the occipital bone (dark gray). Examina- 
tion of the outside of the skull will show 
first of all the sutures, i. e. the coronal 
suture (1) which separates the frontal 
squama (2) with the frontal eminences 
(3) from the parietal bones. Each 
parietal bone, too, has a parietal emi- 
nence (4). Between the parietal bones 
lies the sagittal suture (5), which runs 
from the coronal suture to the ambdoid 
suture (6), i.e., the suture between the 
parietal bone and the occipital squama 
(7). Laterally, in the parietal region, are 
the inferior (8) and superior (9) tem- 
poral lines. In close relationship to the 
sagittal suture, immediately in front of 
the lambdoid suture, lie the parietal 
foramina (10). Special features are de- 
scribed on page 276. 


The sutures are also visible on the inner 
surface of the cranial vault. On the cut 


surface the outer table (11), diploe (12) 
and the inner table (13) are exposed. In 
the most anterior part of the squama of 
the frontal bone lies the frontal crest 
(14), which extends toward the parietal 
bones. In the region of the sagittal su- 
ture is the shallow-groove for the 
superior sagittal sinus (15). The arterial 
sulci (16), which contain the branches 
of the middle meningeal artery and its 
accompanying vein, ascend from the 
lateral toward the midline and posterior 
areas. Lateral to the groove for the 
superior sagittal sinus and lateral to the 
frontal crest there are a variable number 
of indentations of different size (granu- 
lar foveolae; 17) into which the arach- 
noidal granulations extend. 


On the inner and outer aspects of the 
parietal bone in the vault are the frontal 
(18) and occipital (19) angles, while the 
sphenoid and mastoid angles are found 
only at the base of the skull. 
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A Outer surface of calvaria 


C Inner surface of calvaria 


B Outer surface of calvaria; bones 
shown in different colors. 
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Lateral View of the Skull (A—C) 


In the orbitomeatalplane, which runs 
through the inferior margin of the orbit 
and the superior margin of the external 
acoustic meatus, the neurocranium 
shows the temporal fossa (1), which in- 
cludes part of the temporal bone (brown), 
the parietal bone (light gray), parts of the 
frontal bone (gray) and the sphenoidal 
bone (black). The temporal fossa is lim- 
ited above by the somewhat more 
prominent inferior temporal line (2) and 
the less obvious superior temporal line 
(3). From the squamous part of the tem- 
poral bone (4) thezygomatic process (5) 
extends anteriorly, and with the tem- 
poral process (6) of the zygomatic bone 
(light yellow) it forms the zygomatic 
arch (7). Inferior to the root of the zygo- 
matic process lies the external acoustic 
meatus (8) which is bordered mainly by 
the tympanic part (9, and C, light red), and 
to a lesser extent by the squamous part (4, 
and. C, light brown) of the temporal bone 
(B, brown). Immediately above this 
there is often asmall suprameatal spine 
(10) and a small cavity. Posterior to the 
external meatus lies the mastoid pro- 
cess (11), which originated as a muscu- 
lar apophysis. The mastoid foramen (12) 
lies at the root of the mastoid process. 


On examining the viscerocranium we 
- see above the orbit the supraciliary arch 
(13) as a prominent ridge. Below it 
is the supraorbital margin (14) with the 
supraorbital notch (15). The supraorbi- 
tal margin is continued over the an- 
terolateral margin of the orbital opening 
into the infraorbital margin (16). The 
latter is formed by the zygomatic bone and 
the frontal process of the maxilla (17). 
Medially is a depression, the fossa for 
the lacrimal sac (18); orbit, see p. 292). 


There are one (or two) small foramina in 
the zygomatic bone, the zygomatico- 
facial foramen (19). Below the infraorbi- 
tal margin lies the infraorbital foramen 
(20). At the lowest point of the nasal 
opening the anterior nasal spine (21) is 


seen. The maxilla (dark yellow) has an 
alveolar process (22) directed down- 
ward, which carries the maxillary teeth. 
The maxillary tuberosity (23) bulges out 
posterior to this (for details of the 
mandible, see p. 288.) 


Sutures 


The coronal suture (24) separates the frontal 
and parietal bones. It meets the sphenofron- 
tal suture (25), which lies between the great- 
er wing of the sphenoid bone (26) and the 
frontal bone. The frontal and zygomatic 
bones are separated by the frontozygomatic 
suture (27). Thezygomaticomaxillary suture 
(28) lies between the zygomatic bone and 
the maxilla, and the temporozygomatic su- 
ture (29) is found between the zygomatic and 
temporal bones. The frontomaxillary suture 
(30) lies between the frontal bone and the 
maxilla, and the nasomaxillary suture, (31) is 
between the maxilla and the nasal bone 
(light orange). The sphenosquamous suture 
(32) forms the boundary between the greater 
wing of the sphenoid bone and the temporal 
squama. The temporal bone (brown) joins 
the parietal bone at the squamous suture 
(33). It may extend into the mastoid process 
as the petrosquanous suture (34) between 
its squamous (C, dark pink) and petrous 
(G. dark brown) parts. 


The /ambdoid suture (35) separates the 
parietal from the occipital bone (dark gray). 
A small part of the greater wing of the 
sphenoid extends as far as the parietal bone. 
so that a sphenoparietal suture (36) can be 
described. Between the mastoid process 
and the parietal bone on the one hand and 
the occipital bone on the other lie the 
parietomastoid (37) and occipitomastoid 
(38) sutures. 
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C Temporal bone 


B Lateral view of skull: 
bones shown in different 
colors 
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Posterior View of the Skull 
(A-B) 


In the dorsal view it is possible‘to see 
both parietal bones (light gray, 1), which 
are joined by the sagittal suture (2). The 
lambdoid suture (3) separates the two 
parietal bones from the occipital bone 
(dark gray, 4). The external occipital 
protuberance (5) is prominent on the 
occipital bone in the midline and is 
palpable through the skin. The highest 
nuchal line (6) extends upward and lat- 
erally from the external occipital pro- 
tuberance. The line below is the 
superior nuchal line (7), which repre- 
sents a transverse ridge lateral to the 
protuberance, and below it is the in- 
ferior nuchal line (8), which extends 
roughly in the center between the ex- 
ternal occipital protuberance and the 
foramen magnum. The inferior nuchal 
line may begin at the more or less well- 
developed, external occipital crest (9). 
Lateral to the occipital bone lies the 
mastoid process (11), which is part 
of the temporal bone, but which is 
separated from the occipital bone by 
the occipitomastoid suture (10). A 
petrosquamous suture (12) may be 
present completely or in part in the 
mastoid process. This suture shows 
that the mastoid process is formed from 
both the squamous and the petrous 
parts of the temporal bone. In the region 
of the occipitomastoid suture (10) is the 
mastoid foramen (13), through which a 
vein passes. On the medial side of the 
mastoid process lies the mastoid notch 
(14), medial to which is the groove for 
the occipital artery (15). Parietal for- 
amina (16) are situated in the region of 
the parietal bones. 


Variants 


Sometimes the external occipital pro- 
tuberance is particularly well de- 
veloped. The upper squama may be 
present as a separate bone, the inca 
bone (see p. 300). The parietal foramina 


may be particularly large and may give 
rise to false conclusions in radiographs 
(“bore holes’’). 
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‘B Posterior view of skull; bones 
shown in different colors 
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Anterior View of the Skull 
(A-B) 


From the front the entire viscero- 
cranium or facial skeleton is visible. The 
forehead region is formed by the frontal 
bone (gray). In the region of the frontal 
squama (1) the frontal bone is separated 
from the parietal bones (light gray) by the 
coronal suture (2). In the forehead, be- 
tween the supraciliary arches (3), lies 
the glabella (4). The frontal bone marks 
the entrance to the orbits by forming the 
supraorbital margin (5), near the medial 
end of which is the variably sized, well- 
defined supraorbital notch (6). In some 
instances this notch is converted into a 
supraorbital foramen. Between the or- 
bits the frontal bone is separated from 
the nasal bones (light orange) by thefron- 
tonasal sutures (7), and from the maxil- 
lae (dark yellow) by the frontomaxillary 
sutures (8). The two nasal bones are 
joined by the internasal suture (9). Lat- 
eral to the orbital opening, the fron- 
tozygomatic suture (10) separates the 
frontal bone from the zygomatic bone. 
The zygomatic bone (light yellow) to- 
gether with the maxilla forms a further 
part of the boundary of the orbital 
Opening (for details of the orbital cavity, 
see p. 292). 


In the region of the upper jaw, just be- 
low the infraorbital margin (11) and near 
to the zygomaticomaxillary suture (12), 
lies the infraorbital foramen (13), 
through which passes a branch of the 
maxillary nerve, the infraorbital nerve, 
an artery and avein. Inferior to the orbit 
there is a deep depression, the canine 
fossa (15), in the region of the zygoma- 
tic process of the maxilla (14). 


In addition to the zygomatic process, we 
distinguish also a frontal maxillary pro- 
cess (16), which is directed toward the 
frontal bone, and the alveolar process 
(17), in which the teeth are embedded. 
The continuation of the infraorbital 
margin on the frontal process is the an- 
terior lacrimal crest (18). The body of 


the maxilla (19) is the central portion of 
the maxilla. The latter demarcates with 
its nasal notch (20) the piriform aper- 
ture, the entrance into the nasal ca- 
vities. At the lower margin of the aper- 
ture in the region of the intermaxillary 
suture (21), a spur, the anterior nasal 
spine (22), projects anteriorly. In the 
zygomatic bone there are one or two 
zygomaticofacial foramina (23). 


In the lower jaw, the mandible (yellow), 
the body (24), the alveolar process (25) 
and the ramus (26) are visible from the 
front. In the region of the body of the 
mandible, the mental foramen (27) lies 
vertically below the 2nd premolar tooth. 
The mental protuberance (28) is found 
in the midline of the body of the man- 
dible. 
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B Anterior view of skull; bones 
shown in different colors 
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Inferior View of the Skull (A—B) 


The inferior surface of the base of the 
skull consists of an anterior visceral 
part and a posterior neural part. 


The anterior part on each side is formed 
by the palatine process of the maxilla 
(1), the horizontal plate of the palatine 
bone (2), the alveolar process, of the 
maxilla, the maxillary tuberosity (3) and 
the zygomatic bone (4, light yellow). Me- 
dially the vomer (red) separates the 
posterior nasal apertures, the choanae 
(5). The palatine processes meet at the 
median palatine suture (6), whose an- 
terior end is marked by the incisive for- 
amen (7). From there laterally to the 
2nd incisor runs the incisive suture (8), 
which may sometimes be evident. 
The horizontal plate of the palatine 
bone contains the greater palatine 
foramen (9) and the /esser palatine 
foramina (10). From the greater palatine 
foramen the palatine grooves extend 
anteriorly. The transverse palatine su- 
ture (11) lies between the maxilla (dark 
yellow) and the palatine bone (green). 


The posterior part of the base of the 
skull consists of the sphenoid bone 
(black), the temporal bones (brown) and 
the occipital bone (dark gray). The 
pterygoid processes form the lateral 
borders of the choanae. We distinguish 
amedial plate (12) with its hamulus and 
a lateral plate (13). Between them lies 
the pterygoid fossa. At the root of the 
medial plate is the scaphoid fossa (14) 
and next to it the foramen /acerum (15). 


In the center lies the body of the 
sphenoid bone (16) and laterally its 
greater wing (17) with the/nfratemporal 
crest (18). The greater wing bears the 
sphenoid spine (19), whose base is 
pierced by the foramen spinosum (20). 
Between the foramen spinosum and the 
foramen lacerum opens the foramen 
ovale (21), and between the sphenoid 
bone and the petrous part of the tem- 
poral bone we find the sphenopetrosal 


fissure (22). From the latter the groove 
of the auditory tube (23) extends pos- 
terolaterally. The external aperture of 
the cochlear canaliculus is found on 
the side of the jugu/ar fossa (25) and 
adjacent to the external aperture of the 
carotid canal (24). Between it and the 
external aperture of the carotid canal is 
a small depression, the fossula petrosa, 
in which the canaliculus for the tym- 
panic nerve opens. Next to this are the 
tympanic part (26) of the temporal bone 
and the styloid process (27) within its 
sheath. Immediately posterior to the 
process is the stylomastoid foramen 
(28). On the mastoid process (29) is the 
mastoid notch (30), and medial to it is 
the occipitomastoid suture (31) with a 
groove for the occipital artery (32). An- 
terior to the mastoid process lies the 
opening of the external acoustic 
meatus (34), which is bounded by the 
tympanic part (26) and the squamous 
part (33). 


The tympanic and squamous parts, as 
well as a small ridge of the petrous part, 
the tegmental crest bounded by the 
petrotympanic and petrosquamous 
fissures, form the mandibular fossa 
(35). This is limited anteriorly by the 
articular tubercle (36). The zygomatic 
process (zygoma) of the temporal bone 
(37) extends anterolaterally. The basilar 
part (38) of the occipital bone, which 
bears the pharyngeal tubercle (39), 
fuses with the body of the sphenoid 
bone (16). The petrooccipital fissure 
runs between the petrosal part of the 
temporal and the occipital bone. The 
jugular fossa (25) is widened by the 
notch in the adjacent occipital bone to 
form the jugular foramen. The foramen 
magnum (40) is bounded laterally by 
the occipital condyles (41). At the 
posterior border there is a condylar 
fossa which is perforated by an open- 
ing, the condylar canal (42). Beginning 
at the foramen magnum, the external 
occipital crest (43) runs upwards to- 
ward the external occipital protuber- 
ance (44). 
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B External view of base of skull; 
bones shown in different colors 
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Interior View of the Base of the 
Skull (A-B) 


The base of the skull is divided into three 
fossae, the anterior cranial fossa, the mid- 
die cranial fossa and the posterior cranial 
fossa. The following bones form the inner 
surface of the base of the skull: the ethmoid 
bone (orange), the frontal bone (gray) the 
sphenoid bone (black), the temporal bones 
(brown), the occipital bone (dark gray) and the 
parietal bones (light gray). 


The anterior cranial fossa is separated from 
the middle fossa by the /esser wings of the 
sphenoid (1) and the jugum sphenoidale (2). 
The middle and posterior cranial fossae are 
separated from‘each other by the superior 
borders (3) of the petrosal portions of the 
temporal bones and the dorsum sellae (4). 


The anterior cranial fossa. The cribriform 
plate (5) formed by the ethmoid bone con- 
tains many small holes and bears in the mid- 
line the vertical crista galli (6) with its a/ar 
processes. Anterior to the crista galli is the 
foramen caecum (7) and laterally lie the orbi- 
tal plates (8) of the frontal bone with their 
impressiones digitatae. The cribriform plate 
is joined to the sphenoid bone by the 
sphenoethmoidal suture (9). In the middle, 
the chiasmatic groove (11) lies between the 
optic canals (10). The anterior clinoid pro- 
cesses (12) border the optic canals. 


In the center of the middle cranial fossa 
there is the se/la turcica with the hypophy- 
Sial fossa (13) and laterally of the sella the 
carotid groove (14), which is the prolonga- 
tion of the carotid canal. The carotid canal, 
which lies on the anterior wall of the petrous 
part of the temporal bone, is split open in its 
medial portion near the foramen lacerum 
(15). The medial end of the canal is bounded 
by the /ingula of the sphenoid bone (16). 
Lateral to the carotid groove is the foramen 
ovale (17), in front the foramen rotundum 
(18) and lateral the foramen spinosum (19). 
The groove for the middle meningeal artery 
(20) runs laterally from the foramen spino- 
sum. Near the apex of the petrous part the 
trigeminal impression (21) can be seen, and 
lateral and somewhat posterior to it is the 
hiatus for the greater petrosal nerve (22), 
which continues toward the sphenopetrosal 


fissure as the groove for the greater petro- 
sal nerve (23). The hiatus for the lesser 
petrosal nerve (24) lies immediately antero- 
lateral to that of the greater petrosal nerve. 
The superior border of the petrous part (3) 
carries the more or less well-developed 
groove of the superior pretrosal sinus (25). 
A priminent swelling, the arcuate eminence 
(26), is produced by the anterior semicircu- 
lar canal. The squamous part of the tempo- 
ral bone is joined to the sphenoid bone by 
the sphenosquamous suture (27). 


The foramen magnum (28) lies in the middle 
of the posterior cranial fossa. The clivus 
(29) ascends anteriorly and ends in the dor- 
sum sellae (4) and its posterior clinoid pro- 
cesses (30). 


Between the occipital bone and the petrous 
part of the temporal lies the groove of the in- 
ferior petrosal sinus (31) and also the pet- 
rooccipital synchondrosis, which may be 
seen in the macerated skull as the petrooc- 
cipital fissure (32). The groove of the inferior 
petrosal sinus ends in the jugu/ar foramen 
(33). The opening of the internal acoustic 
meatus (34) opens onto the posterior sur- 
face of the petrous part. Lateral to it, hidden 
under a small bony ridge, lies the external 
opening of the vestibular aqueduct. The 
jugular foramen (33) is formed by the appo- 
sition of the jugular notches in the temporal 
and occipital bones. The jugular notch in 
the occipital bone is limited anteriorly by 
the projection of the jugular tubercle, and 
the jugular foramen is partly divided by the 
intrajugular process of the temporal bone 
(35). On its lateral side the jugular foramen 
is reached by the groove of the sigmoid 
sinus (36) which continues posteriorly into 
the groove of the transverse sinus (37). 
This extends to the internal occipital pro- 
tuberance (38), from which the internal 
occipital crest (39) runs toward the fora- 
men magnum (28). On either side of the an- 
terior rim of the foramen magnum is the 
opening of the hypoglossal canal (40). The 
clivus is formed by the body of the sphenoid 
bone and the basilar part of the occipital 
bone. During puberty they fuse (0s tribasilare) 
but previously they are connected by the 
sphenooccipital synchondrosis. 


Head and Neck: Skull 283 





A Internal view of base of skull 


B Internal view of base of skull; 
bones shown in different colors 
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Common Variants of the 
Interior Surface of. the Base 
of the Skull (A-E) 


In the middle cranial fossa, in the region 
of the sella turcica, a number of variants 
can be seen in radiographs. 


In some cases the /ingula (1) of the 
sphenoid bone, which is directed to- 
ward the temporal bone, may be fused 
with it (A). 


Between the anterior and posterior 
clinoid processes there may be an addi- 
tional process, the middle clinoid pro- 
cess (2, C). The latter may then fuse with 
the anterior clinoid process (C), when it 
forms a special opening, the carotico- 
clinoid foramen (3). Through this, the 
carotid notch, which lies medial to the 
anterior clinoid process, becomes an 
opening surrounded by bone on all 
sides. Another variant is the presence of 
an interclinoidal bridge (B, 4) between 
the anterior and posterior clinoid pro- 
cesses. This bony fusion of the two pro- 
cesses, when seen on radiographs, is 
termed the sella bridge (4). It may be 
present on one or both sides and can 
fuse with the middle clinoid process if it 
is present (5). 


Between the foramen ovale and the 
body of the sphenoid bone there is 
sometimes an aperture (D), which 
serves as the exit for a vein. This open- 
ing, the foramen of Vesalius (D, 6), is 
also called the foramen venosum. lt is 
not very uncommon and it permits com- 
munication between the cavernous 
sinus and veins on the outside of the 
skull. The foramen of Vesalius may be 
present on one or both sides. 


In some cases the dorsum sellae may be 
so eroded laterally by more extensive 
looping of the internal carotid artery 
that it no longer has any bony connec- 
tion with the clivus. In that case, the 
dorsum sellae will be absent from the 
macerated skull (D). 


Sometimes the internal occipital crest 
is divided into two and between the 
parts is the well-developed groove of 
the occipital sinus (E). This may extend 
into a marginal groove (7), running 
lateral to the foramen magnum (8), to 
the jugular foramen (9). 


The jugular foramina may be unequal in 
size, more often the left being smaller 
than the right. The hypoglossal canal 
may be divided into two (E, 10). 


The apex of the petrous part of the tem- 
poral bone may have a bony connection 
with the dorsum sellae. This bony 
bridge is also known as the abducent 
bridge, since the abducent nerve runs 
beneath it. 
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Sella turcica; right lingula of sphenoid 


Sella turcica; interclinoid bridge, 
bone fused with temporal bone 


right caroticoclinoid foramen 





Sellaturcica; left middle clinoid process, 
right caroticoclinoid foramen 


Sella turcica; absence of dorsum 
sellae, foramen of Vesalius 





E Groove of right occipital sinus, divided canal for hypoglossal nerve 
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Sites for Transmission for 
Vessels and Nerves (A-B) 


The openings in the base of the skull 
transmit vessels and nerves. ‘ 


In the region of the anterior cranial 
fossa the o/factory nerves (1) and the 
anterior ethmoidal artery (2) pass 
through the cribriform plate from the 
nasal cavity. 


The optic nerve (3) and the ophthalmic 
artery (4) run through the optic canal. 
Apart from the optic canal the superior 
orbital fissure also forms-a communica- 
tion between the skull and the orbit. The 
superior ophthalmic vein (5), the /acri- 
mal nerve (6), the frontal nerve (7) and 
the trochlear nerve (8) run in its lateral 
part. The abducent nerve (9), the 
oculomotor nerve (10) and the 
nasociliary nerve (11) pass through it 
more medially. 


The maxillary nerve (12) passes through 
the foramen rotundum, while the man- 
dibular nerve (13), together with a ve- 
nous network which joins the cavern- 
ous sinus to the pterygoid plexus, runs 
through the foramen ovale. A recur- 
rent branch of the mandibular nerve, 
the meningeal branch (14), together 
with the middle meningeal artery (15), 
reaches the cranial cavity through the 
foramen spinosum. The largest structure 
in the middle cranial fossa, the internal 
carotid artery (16) passes through the 
carotid canal into the cranial cavity. The 
internal carotid artery is surrounded by 
the sympathetic carotid plexus (17). The 
greater petrosal nerve (18) becomes 
visible at the hiatus for the greater petrosal 
nerve, and the /esser petrosal nerve (19) 
runs through the hiatus for the lesser pet- 
rosal nerve together with the superior 
tympanic artery (20). 


In the posterior cranial fossa, the 
medulla oblongata (21), and on each 
side of it the spinal part of the acces- 
sory nerve (22), pass through the fora- 
men magnum. Two large vertebral ar- 


teries (23), the small anterior spinal ar- 
tery (24), the paired small posterior spi- 
nal arteries (25) and the spinal vein (26) 
also pass through the foramen mag- 
num. 


The hypoglossal nerve (27) and the 
venous network of the hypoglossal 
canal (28) pass through the -hypoglossal 
canal. The glossopharyngeal nerve (29), 
the vagus (30) and the accessory nerve 
(31), as well as the inferior petrosal 
sinus (32), the internal jugular vein (33) 
and the posterior meningeal artery (34) 
all pass through the jugular foramen. 


The internal acoustic meatus transmits 
the labyrinthine artery and vein (35), the 
vestibulocochlear nerve (36) and the 
facial nerve (37). 


On the outer surface of the base of the 
skull the facial nerve becomes visible as 
it emerges from the stylomastoid foramen, 
through which the stylomastoid artery 
(38) enters the skull. 


The chorda tympani (39) and the an- 
terior tympanic artery (40) traverse the 
petrotympanic fissure. 


The greater palatine artery (41) and the 
greater palatine nerve (42) pass through 
the greater palatine foramen in the hard 
palate, and the /esser palatine arteries 
and nerves (43) run through the lesser 
palatine foramina. The nasopalatine 
nerve (44) runs through the incisive canal 
toward the palate. 
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Sites of transmission for vessels and nerves 
in base of skull 
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Mandible (A-C) 


The lower jaw (mandible) is only con- 
nected with the other bones of the skull 
by synovial joints. It is preformed in 
connective tissue. The mandible con- 
sists of the body (1) with its ascending 
ramus of the mandible (2) on each side. 
In the adult the body of the mandible 
bears the a/veolar process (3), which is 
marked on its outer surface by the bulg- 
ing alveolar juga (4). In old age, i.e., 
after loss of the teeth, the alveolar pro- 
cess undergoes regression (see p. 290). 
On the front of the body of the mandible 
lies the mental protuberance (5), which 
is elevated on each side to form the 
mental tubercle. On the outer surface, 
on a vertical line through the 2nd pre- 
molar, there is an opening, the mental 
foramen (6). The oblique line (7) as- 
cends from the body to the ramus of 
the mandible. Posteriorly the body of 
the mandible merges at the mandibular 
angle (8) with the ramus. 


The ramus of the mandible has two pro- 
cesses, the anterior coronoid process 
(9) for insertion of a muscle, and the 
posterior condylar process (10) for the 
joint surface. 


Between the processes lies the man- 
dibular notch (11). The condylar pro- 
cess has a neck (12) and supports the 
head of the mandible with its articular 
surface (13). On the inner aspect of the 
head of the mandible, below the articu- 
lar surface, a small pit, the pterygoid 
fovea (14), for the insertions of the lat- 
eral pterygoid muscle is seen. Near the 
angle there is sometimes a roughened 
area, the masseteric tuberosity (15) for 
the insertion of the masseter muscle. 
On the inner surface of the mandible in 
thesregion of the ramus lies the man- 
dibular foramen (16), which is the en- 
trance to the mandibular canal. The 
opening is partly concealed by a deli- 
cate spur of bone, the /ingula of the 
mandible (17). The mylohyoid groove 
(18) begins directly at the mandibular 


foramen and runs obliquely downward. 
Below the mylohyoid groove, at the 
angle of the mandible, is the pterygoid 
tuberosity (19), which serves for the 
insertion of the medial pterygoid 
muscle. 


The inner surface of the body of the 
mandible is divided by an oblique ridge, 
the mylohyoid line (20). Below this line, 
from which the mylohyoid muscle 
arises, we find the submandibular fossa 
(21), while above it and somewhat more 
anterior, is the sublingual fovea (22). 
The alveoli or sockets are separated by 
the interalveolar septa (23). Within the 
alveoli of the molars, interradicular 
septa may be seen. Anteriorly, on the in- 
ner surface of the body, lies the mental 
spine (24) from which muscles arise 
(also called genial tubercles); laterally 
and somewhat inferiorly, there are the 
paired digastric fossae (25), the points 
of insertion of the digastric muscles. 
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C Posterior view of mandible 
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Shape of Mandible (A-E) 


Theangle ofthe mandible differs at var- 
ious stages of life. In the newborn (A) it 
is still relatively large, about 150°, while 
during childhood (B) it becomes smal- 
ler. In the adult (C) itis reduced to about 
120-130°. In old age (D) it again in- 
creases to about 140°. 


The change in the angle ofthe mandible 
is dependent on the presence of the al- 
veolar process and the teeth. With erup- 
tion of the teeth there is an alteration in 
the mandibular angle of the infant, and 
it changes again in old age when the 
teeth are lost. 


Apart from the change in the angle of 
the mandible at the various stages of 
life, the body of the mandible also 
shows variations. The body of the man- 
dible bears the alveolar process, and in 
old age, after the teeth are lost, this re- 
gresses. During this regression the size 
of the body of the mandible becomes 
reduced and sometimes flattened, 
which may push the chin forward. 


The alveolar process may vary in its 
orientation. In some instances, particu- 
larly among the primates, there may be 
an alveolar process protruding out- 
ward and the position of the teeth dif- 
fers from that in modern man. This 
position of the teeth causes an alveolar 
prognathia as a result of the oblique out- 
ward orientation of the alveolar pro- 
cess. 


Ossification 


As noted on page 268, the mandible is pre- 
formed in connective tissue. It appears in the 
1st visceral arch as intermembranous bone, 
formed on Meckel’s cartilage. The first bone 
cells appear in the 6th intrauterine week. 
In commonwith the clavicle it isthe ist bone 
in the body to develop. 


Hyoid Bone (F) 


The hyoid bone, which may be included 
with the bony skeleton of the skull, is 


not directly connected to it, but is 
joined to it by muscles and ligaments. 
It may be divided into a body (1), the 
anterior part between the two greater 
horns (2) lying laterally, an upward 
directed /Jesser horn (3) and a larger, 
posteriorly directed greater horn (2). 


Ossification 


In the body and the greater horn of the hyoid 
bone, ossification centers develop in carti- 
lage just before birth, while in the lesser 
horn the center develops much later, at 
about the 20th year. The lesser horn need 
not ossify but may remain cartilaginous. 
Like the mandible, the hyoid bone develops 
from the skeleton of the visceral arches. 
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A Mandible in newborn 












B Mandible of child 
(deciduous teeth) 


C Mandible of adult (permanent teeth) 


D Mandible in old age 





E Medial view of mandible 
half, ossification 





F Hyoid bone 
lateral view 
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Orbital Cavity (A-B) 


Each orbit is shaped like a four-sided 
pyramid, the apex Iying deep inside and 
the base forming the orbital opening. It 
is demarcated by various bones. 


The roof of the orbit is formed anteriorly 
by the orbital plate of the frontal bone 
(1) and posteriorly by the /esser wing of 
the sphenoid (2). The lateral wall con- 
sists of the zygomatic bone (3) and the 
greater wing of the sphenoid (4). The 
anterior part of the floor is formed by the 
orbital surface of the orbital process of 
the maxilla (5) and posteriorly by the or- 
bital process of the palatine bone (6). 
Along the infraorbital margin the floor is 
completed anteriorly by the zygomatic 
bone (3). The thin medial wall is formed 
by the orbital plate of the ethmoid bone 
(7), the lacrimal bone (8) and the 
sphenoid (9). In addition, the frontal 
bone (1) and themaxilla provide smaller 
contributions to this wall. 


Orbital Openings. The superior and in- 
ferior margins of the entrance to the or- 
bit have already been described (see 
p. 278). Posteriorly there are two con- 
verging fissures, the superior orbital 
fissure (10) which opens into the cranial 
cavity, and the inferior orbital fissure 
(11) for the communication with the 
pterygopalatine fossa. The fissures 
converge medially and immediately 
above the junction lies the optic canal 
(12). From the inferior orbital fissure 
runs the infraorbital groove (13), which 
becomes the infraorbital canal to open 
below the infraorbital margin as the in- 
fraorbital foramen (14). 


On the lateral wall the zygomatic nerve 
passes through a small opening, the 
zygomaticoorbital foramen (15). On 
the medial wall, where the ethmoid 
bone meets the frontal bone, are the an- 
terior (16) and posterior (17) ethmoidal 
foramina. The nerves and arteries of the 
same name leave through these forami- 
na. The anterior ethmoidal foramen 
opens into the cranial cavity, while the 


posterior one leads into the ethmoidal 
cells. Near the entrance into the orbit 
lies the groove for the lacrimal sac (18) 
which is bounded anteriorly and pos- 
teriorly by the anterior (19) and the pos- 
terior (20) lacrimal crests. It leads into 
the nasolacrimal canal, which opens 


into the nasal cavity (see p. 294). 


In the immediate neighborhood of the 
orbits are the paranasal sinuses. The vari- 
ably sized orbital recess of the frontal 
sinus (21) extends into the roof of the 
orbit. Medially lie the ethmoid cells and 
dorsally the sphenoidal sinus. Inferiorly 
the orbit is separated from the maxillary 
sinus by a thin plate of bone. 
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A Anterior view of orbit 


B Sagittal section through orbit. 
View of medial wall 
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Nasal Cavity (A-C) 


We distinguish a right and a left nasal 
cavity separated medially by the nasal 
septum. The septum often deviates 
from the midline. The nasal cavities 
open anteriorly into the piriform aperture 
(see p. 278) and posteriorlyeach opens 
via the choana into the pharynx (see 
Vol. 2). 


The nasal septum (A) consists of car- 
tilaginous and bony elements. The car- 
tilaginous septum (1) with its posterior 
process (2) completes the bony parti- 
tion between the two nasal cavities. The 
medial crus of the major alar cartilage (3) 
is superimposed on each side on the 
septal cartilage as the medial border of 
the anterior opening of the nose. The 
bony partition is formed by the perpen- 
dicular plate of the ethmoid (4), the 
sphenoidal crest (5) and the vomer (6). 


The floor of the nasal cavity is formed by 
the maxilla (7) and the palatine bone (8). 
Theroof is formed anteriorly by the nasa/ 
bone (9), and then by the cribriform 
plate (10) of the ethmoid. 


The lateral wall (B, C) of each nasal cav- 
ity is made irregular by the three turbi- 
nate bones, the conchae nasales and the 
underlying ethmoidal cells. The 
superior (11) and middle (12) concha 
belong to the ethmoid bone, while the 
inferior concha (13) is a separate bone 
of the skull. 


Posterior to the superior concha lies the 
sphenoethmoidal recess (14) with the 
sphenopalatine foramen (15). After the 
three conchae are removed, the supe- 
rior, middle and inferior nasal meatuses 
are revealed and the perpendicular 
plate of the palatine bone (16) can be 
completely seen. In the superior nasal 
meatus there are openings (17) into the 
posterior ethmoidal cells. 


In the middle nasal meatus, the unci- 
nate process (18) partly covers themax- 
illary hiatus (19), which connects the 
maxillary sinus with the nasal cavity. 


Superior to this process is the ethmoi- 
dal bulla (20), a particularly large an- 
terior ethmoidal cell. Above and below 
the bulla the anterior ethmoidal cells 
open into the middle meatus of the 
nasal cavity. 


Between the ethmoidal bulla and the 
uncinate process is the ethmoidal in- 
fundibulum (21), across which the 
frontal sinus (22), part of the maxillary 
sinus and the anterior ethmoidal cells 
(23) are connected with the nasal cavity. 
The uncinate process also partly covers 
the lacrimal bone (24) which forms 
the lateral wall along with the maxilla 
(7) and the ethmoid bone. 


The nasal opening (25) of the nasolac- 
rimal duct lies in the inferior nasal 
meatus. 
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A Nasal septum 


C Lateral nasal wall 
after removal of 
nasal conchae 
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Skull Shapes (A-C) 


Anatomy and anthropology recognize a 
number of craniometric points, lines 
and angles which permit comparison of 
the various types of normal skull (A) and 
also permit recognition of abnormal 
forms (B, C). 


Some of the important points for measure- 
mentinclude: theg/abella (1) = smooth area 
between the eyebrows; the opisthocranion 
= the most posterior protruding point of the 
occipital bone in the midline sagittal plane, 
basion = anterior margin of the foramen 
magnum; bregma (2) = point of contact be- 
tween the sagittal suture and the coronal su- 
ture; nasion (3) = crossing point of the 
nasofrontal suture with the median sagittal 
plane; gnathion (4) = that point on the in- 
ferior margin of the mandible in the median 
sagittal plane which protrudes furthest 
downward; zygion (5) = the most laterally 
protruding point of the zygomatic arch. 


Other points of measurement, lines and an- 
gles may be found in textbooks of anthro- 
pology. 

The most important indices based on a 
comparison of the distances between the 
individual points of measurement are pre- 
sented below. 


Length-Breadth-Index of the Neuro- 
cranium: 


greatest width of the skull x 100 


greatest length of the skull 
(glabella-opisthocranion) 


dolichocephalic = index (I) under 75; 
mesocephalic = | 75-80: 
brachycephalic | more than 80. 
Length-Height-Index of the Neurocranium: 
basion-level of bregma x 100 
greatest skull length 


platycephalic = | less than 70; 
orthocephalic = 170-75; 
hypsicephalic = | greater than 75. 
Facial Index: 

height of the face x 100 


width of the zygomatic arch 


height of the face = straight line between 
the nasion and the gnathion; wide face, 
euryprosope = | less than 85; medium face, 
mesoprosope = | 85-90; narrow face, lep- 
toprosope = | exceeding 90. 


Basically there is reciprocity between the 
growth of the brain and the skull. If there isa 
pathological increase in the volume of the 
contents of the skull, this will result simul- 
taneously in marked enlargement of the 
bony skull. Pathologic enlargement of the 
brain is due to enlargement of the cerebral 
cavities, and it may be associated with over- 
production of cerebrospinal fluid (see also 
Vol. 3). 


A relatively large neurocranium in compari- 
son to the viscerocranium is called hydro- 
cephalus (B). In hydrocephalus the skull 
bones are thin, there is delayed closure of 
the enlarged fontanelles and the eminences 
(frontal and parietal) are particularly well 
marked. The orbits are flattened and small. 


Premature closure of the sutures causes mi- 
crocephalus (C). The premature closure may 
result, for instance, from reduced brain 
growth. In microcephalus there are deep or- 
bits and strong zygomatic arches. 


Other malformations include the sca- 
phocephalus, in which there is premature 
synostosis of the sagittal suture, and oxy- 
cephalus, in which the coronal suture ossi- 
fies prematurely. 


These various malformations must be dis- 
tinguished from artificially deformed skulls. 


Head and Neck: Skull 297 





B Anterior view of hydrocephalus 
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Special Skull Shapes and 
Sutures (A-D) 


Thesize and shape ofthe neurocranium 
depends on growth of the brain and the 
size of the viscerocranium will be sub- 
stantially influenced by the activity of 
the masticatory apparatus. The influ- 
ence of other elements, such as the 
supporting system of the dura mater, 
must also be taken into account. The 
various forms of the cranial sutures are 
also of interest in this regard. 


In the skull, in the region of the inter- 
membranous bones, there are three dif- 
ferent types of sutures — sutura laevis, 
sutura serrata and sutura squamosa 
(see p. 22). 

During development all the sutures are 
at first fairly straight and could be 
termed simple. It is only during the 
course of development that their 
shapes alter. There are also more su- 
tures in the newborn than in adults; for 
example, because ofthe paired anlagen 
of the frontal bones there is afrontal or 
metopic suture (1), which usually closes 
between the 1st and 2nd years of life. 
If it persists (A, B), the skull is termed a 
“crossed skull”, as there is a cruciform 
suture where the frontal (2) and sagittal 
(3) sutures meet. Remnants of the fron- 
tal suture may often be seen near the 
root of the nose (4). If the frontal suture 
does persist, the forehead may become 
particularly prominent because of the 
more marked growth of both parts of 
the frontal bone. 


Roughly at the age of 30, the individual 
sutures synostose and bone growth 
ceases. The first to fuse is usually the 
sagittal suture, but less frequently it is 
the coronal suture. If there is an early 
general fusion of sutures, microce- 
phalus results (see p. 296). If only one 
suture synostoses, the skull becomes 
abnormal in shape, e.g., scaphocepha- 
lus or oxycephalus. If only one part of a 
suture fuses prematurely, as may 
happen in the coronal suture, plagio- 


cephalus or crooked skull results (C, D). 
A plagiocephalic skull should be distin- 
guished from an artificially deformed 
skull. 


5 Outline of a plagiocephalic skull, 
6 Outline of anormally developed skull. 
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A Anterior view of frontal suture 


C Unilateral synostosis of 
coronal suture seen 
from front 


D 

Unilateral synostosis of coronal 
suture seen from above (symmetrical 
skull indicated by dotted line) 
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Accessory Bones of the Skull 
(A-C) 


Quite often there are supernumerary 
independent bones between or within 
the other bones of the skull. They are 
either called epactal bones or, if they lie 
between the other bones of the skull, 
wormian or sutural bones. These 
supernumerary bones, the majority of 
which develop in connective tissue, can 
be divided into two groups. 


One group consists of bones that arise 
at typical sites and occasionally may be 
symmetrical. These may be bones 
which have specific anlagen during de- 
velopment but fail to unite with the 
other bones. They are of considerable 
practical interest, as the sutures be- 
tween these bony parts may be con- 
fused with fissures in radiographs. The 
second group of supernumerary bones 
are those which are completely irregu- 
lar in number, shape and location, and 
commonly show individual variations. 


To the first group belongs particularly the in- 
carian bone (1). This term is derived from the 
word Inca, as the bone has frequently been 
found in old Peruvian skulls. /t corresponds 
to the superior part of the interparietal bone, 
which has developed in connective tissue, 
and forms the upper squama of the occipital 
bone. 


The lower part of the interparietal bone 
(triangular plate) fuses as a connective tis- 
sue component with the part which develops 
by endochondral ossification (supraoccipi- 
tal bone) and forms the lower squama. The 
incarian bone is bounded by both parietal 
bones (2) and by the lower squama (3) of the 
occipital bone. The suture between the in- 
carian bone and the lower squama of the oc- 
cipital bone corresponds to the sutura men- 
dosa of the fetus, andis called thetransverse 
occipital suture (4). Other bones which oc- 
cur in a typical position are those in the fon- 
tanelle region. Immediately adjacent to the 
incarian bone, in the posterior fontanelle, is 
the apical bone, which may persist as an inde- 
pendent bone. In the region of the greater 
fontanelle the bregmatic bone, also called the 


frontoparietal bone, occurs less commonly. 
Itis an epactal bone, either circular or rhom- 
boidal in shape, and is uncommon. Another 
typical epactal bone is the epipteric bone or 
pterion ossicle, in which we distinguish an- 
terior and posterior parts. It is found in the 
sphenoidal fontanelle, where it is bounded 
by the frontal bone (6), the parietal bone (2), 
the squamous part of the temporal bone (7) 
and the sphenoid bone (8). An anterior 
epipteric bone may not always extend tothe 
parietal bone, and a posterior epipteric bone 
may not always reach the frontal bone. An 
undivided epipteric bone may occur, or both 
types mentioned above may be present, or 
only one of them. Lastly, in the region of the 
posterior lateral fontanelle there may be a 
separate bony anlage (9). 


The second group comprises specifically 
the sutural wormian bones, which are par- 
ticularly common. They occur in the region 
of the lambdoid, sagittal and coronal (10) su- 
tures. In addition, they may be found in the 
transverse occipital suture (see above). 
Rarely an independent bony anlage (11) may 
be found within a bone. Epactal bones 
appear occasionally in the parietal bone (2) 
and very rarely in the frontal bone. 


Practical Points 


Intercalated and wormian bones may extend 
through the full thickness of the skull, they 
may be seen only on the surface, or only in 
the interior of the vault. 
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A Os incae, posterior view of skull 


B Lateral view of skull 
showing various epactal 
and sutural bones 


C Vault, showing independent 
bone within a parietal bone 
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Temporomandibular Joint 
(A-B) 


Thetemporomandibular joint is divided 
into two parts by the articular disk (1). The 
joint is formed by the head of the mandible 
(2) and the mandibular fossa (3) with the 
articular tubercle (4). 


The almost cylindrical head of the man- 
dible is so placed that its long axis 
meets the long axis of the opposite side 
in the median plane immediately in 
front of the foramen magnum at an 
angle of about 160°. The head is cov- 
ered by fibrocartilage and the mandibu- 
lar fossa has a fibrocartilaginous cover- 


ing. 


The articular disk (1) forms a mobile 
socket for the head of the mandible. In 
its anterior part it consists of fibrous 
material with scattered cartilage cells. 
The posterior part (5) of the articular 
disk is bilaminar. The superior portion, 
which is attached to the posterior wall 
of the mandibular fossa, consists of 
loose, fibroelastic tissue, while the in- 
ferior portion (6), attached to the pos- 
terior margin of the head of the mandi- 
ble, consists of very dense fibrous 
tissue. Anteriorly the articular disk is 
very firmly bound to the joint capsule 
and the lateral pterygoid muscle. 


The articular capsule (7) is relatively lax 
and thin, particularly laterally it is 
strengthened by ligaments (8). Apart 
from this, the stylomandibular (9) and 
sphenomandibular ligaments act as guid- 
ing ligaments, although neither is in 
immediate contact with the capsule. 
The sphenomandibular ligament ex- 
tends from the sphenoidal spine to the 
mandibular lingula, while the 
stylomandibular ligament extends from 
the styloid process (10) to the angle of 
the mandible. Functionally the man- 
dibular joint represents a combination 
of two joints: one between the articular 
disk and the head of the mandible, and 
the other between the articular disk and 
the mandibular fossa. During active 


opening of the mouth there is always a 
hinge action in the lower joint and an an- 
terior gliding movement toward the front in 
the superior part. The latter movement 
is produced in particular by the lateral 
pterygoid muscle. In addition to open- 
ing movements there are also lateral or 
chewing movements. 


The temporomandibular joint, or rather 
its articular surfaces are dependent on 
the dental occlusion and are, therefore, 
also influenced by age. In the absence 
of teeth (newborn, elderly) the mandib- 
ular fossa is flat and the articular tu- 
bercle is small. 


Immediately posterior to the mandibu- 
lar joint lies the external acoustic 
meatus (12), and immediately above this 
is the middle cranial fossa. The parotid 
gland (see Vol. 2) and various vessels 
and nerves are in close relationship to 
the mandibular joint. 
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A Lateral view of temporomandibular 
joint 


B Section of temporomandibular 
joint 
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Mimetic Muscles 


The mimetic muscles radiate into the 
skin ofthe face and the head, and their 
contraction causes displacement of the 
skin. This displacement, which takes 
the form of folds and wrinkles, is the 
basis of facial expression. The expres- 
sion is dependent on racial characteris- 
tics, intellectual capacity and the age of 
the individual. In youthful elastic skin 
these changes are reversible after mus- 
cle contraction, while in old age, when 
skin elasticity is deminished, wrinkles 
may remain. In the following section the 
mimetic function of each muscle will be 
described. 


Mimetic muscles can be divided into: 


Muscles of the scalp, 

Muscles in the region of the eyelids, 
Muscles of the nasal region and 
Muscles of the mouth region. 


Mimetic Muscles of the Scalp 
(A-B) 


The muscles of the scalp constitute the 
epicranius. This is very loosely bound 
to the periosteum but very firmly to the 
scalp. Between the paired anterior and 
posterior bellies stretches a _ taut 
tendon, the galea aponeurotica (1), from 
which the fibers of the temporoparietal 
muscles also arise. 


The occipitofrontalis consists of an occip- 
ital belly (2) and a frontal belly (3) on 
each side. The former arises from the 
lateral twothirds of the highest nuchal 
line and the latter lacks a bony origin 
but instead arises from the skin and the 
subcutaneous tissue of the eyebrow 


and the glabellar region. The frontal 


belly is also closely related to the or- 
bicularis oculi (4). 


The temporoparietalis (5) arises in the re- 
gion of the galea aponeurotica and 
reaches the auricular cartilage. The 
most posterior part of the muscle is also 
known as thesuperior auricular muscle. 


The epicranius, particularly its anterior 
bellies, produces wrinkles in the 
forehead. In addition, contractions of 
both frontal bellies may lift the eyeb- 
rows and the upper eyelids. This pro- 
duces the facial expression of as- 
tonishment. 

Nerve supply: Facial nerve 
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A Lateral view of mimetic muscles 
of scalp 





muscles of forehead 





B Anterior view of mi 
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Mimetic Muscles in the Region 
of the Palpebral Fissure (A-F) 


The orbicularis oculi consists of three 
parts—orbital (1), palpebral (2) and lacri- 
mal (3). The thick orbital part (1) is ar- 
ranged circularly around the orbit and 
is attached to the palpebral ligament 
(4), the frontal process of the maxilla 
and the anterior lacrimal crest. In the 
upper lid the medial fibers of the orbital 
part fan out in the direction of the eye- 
brows. These fibers are also known as 
the depressor supercilii. The more deli- 
cate palpebral part (2) lies immediately 
on the eyelids and extends also to the 
palpebral ligament. The fibers lie partly 
on the tarsal plates (5) and partly on the 
Orbital septum. the lacrimal part (3; Hor- 
ner’s muscle) lies medial to the deep 
crus of the palpebral ligament and 
arises chiefly from the posterior lacri- 
mal crest (6). 


The orbital part is concerned with firm clo- 
sure of the lid, while the palpebral part is 
primarily concerned with the blink reflex. 
The function of the lacrimal part is not fully 
understood. It is thought to expand the 
lacrimal sac or to expel its contents. 

Through the close relationship of muscle 


fibers to the skin radial folds in the region of - 


the lateral angle of the eye are produced; in 
old age they are called ‘‘crow’s feet”. The 
orbicularis oculi produces an expression of 
worry (C) and concern. 


The corrugator supercilii (7) penetrates 
the orbicularis oculi and the frontal 
belly (8) of the epicranius. /t arises from 
the glabella and the supraorbital margin 
and radiates into the skin of the eye- 
brows. 


It pulls the skin of the eyebrows downward 
and medially and produces a vertical fur- 
row. | It has a protective action in bright light 
and is called the muscle of pathetic pain. Its 
contraction produces the expression of a 
“thinker’s brow” (D). 


Mimetic Muscles in the 
Nasal Region (A-F) 


The procerus (9) arises from the dor- 
sum of the nose and radiates into the 
skin of the forehead. As a relatively thin 
muscle plate it produces a transverse 
fold across the root of the nose. 


It produces a menacing expression. In old 
age these folds normally become perma- 
nent. 


The nasalis consists of transverse (10) 
and alar (11) parts. /t arises from the al- 
veolar juga of the canine tooth and the 
lateral incisor, and reaches the skin on 
the side of the nose. The transverse part 
is a thin, broad plate, which is joined by 
a flattened tendon to the transverse part 
of the muscle of the opposite side, while 
the alar part radiates into the skin on the 
nasal wing. 


Contraction of this muscle pulls the nasal 
wing downward and backward and reduces 
the size of the nostril. It produces a happy, 
astonished expression and gives the 
impression of desiring, demanding and sen- 
suousness (E). 


The levator labii superioris alaeque 
nasi (12) arises from the infraorbital 
margin and extends down into the skin 
of the upper lip and nasal wing. It ele- 
vates not only the skin of the nasal wing 
but also that of the upper lip upward. 
Simultaneous bilateral contraction 
slightly lifts the tip of the nose. 


It elevates the nasal wing and enlarges the 
nostrils. Stronger contractions produce a 
fold in the skin. The facial expression thus 
produced is one of displeasure and discon- 
tent (F). 
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Mimetic muscles around palpebral 
fissure and nose 





C-F 
Effect of muscles on facial 


pxbression (aftey Rouilic) B Internal view of lacrimal part of 


the orbicularis oculi 
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Mimetic Muscles in the Region 
of the Mouth (A-L) 


The orbicularis oris appears like a cir- 
cular muscle, but in fact it consists of 
four parts (A). It also has an inner labial 
and an outer marginal part. The shape of 
the mouth is determined by itstone and 
the shape of the underlying bone and 
teeth. 


In weak contraction the lips are in contact or 
closed, while in strong contraction they pout 
forward and protrude in a sucking shape. 
The primary function of this muscle is seen 
in eating and drinking. Mimetically its con- 
traction gives an expression of reserve (D). 


The quadrilateral buccinator (2) arises 
from the mandible in the region of the 
1st and 2nd molars and from the 
pterygomandibular raphe (3). It extends 
to the angle of the mouth and forms the 
lateral wall of its vestibule. 


It enables air to be blown out of the mouth, 
pulls the angle of the mouth laterally and 
keeps the mucous membrane of the cheeks 
free of folds. It is involved in laughing and 
crying, and, when contracted, produces a 
facial expression of satisfaction (E). 


The zygomaticus major (4) arises from 
the zygomatic bone and extends toward 
the angle of the mouth. Some of its fi- 
bers decussate with those of the 
depressor anguli oris. 


It lifts the corner of the mouth upward and 
laterally. It produces the facial expression of 
laughter or pleasure (F). 


The zygomaticus minor (5) extends 
from the outer surface of the zygomatic 
bone to the nasolabial groove. 


The risorius (6) consists of superficial 
muscle bundles which arise from the 
masseteric fascia and run to the angle 
of the mouth 


Together with the zygomaticus major it pro- 
duces the nasolabial folds. They are called, 
therefore, the laughing muscles. Contrac- 
tion of the muscle produces an expression 
of action (G). 


The levator labii superioris (7) is as- 
sociated with the levator labii superioris 
alaeque nasi. /t arises from the infraor- 
bital margin and extends into the skin of 
the upper lip. 


The levator anguli oris (8) arises below 
the infraorbital foramen and runs to the 
angle of the mouth. 


It lifts the angle of the mouth and produces 
an expression of self-confidence (H). 


The triangular depressor anguli oris (9) 
arises from the lower margin of the 
mandible and also extends to the angle 
of the mouth. It pulls the angle of the 
mouth downward to produce an ex- 
pression of sadness (1). 


The transversus menti is only present as a 
specialization of the depressor anguli oris, a 
few fibers of which run transversely in the 
region of the chin and may be associated 
with the formation of a double chin. 


The depressor labii inferioris (10) 
arises from the mandible below the 
mental foramen and radiates into the 
skin of the lower lip. 


It pulls the lower lip down and produces an 
expression of perseverance (K). 


The mentalis (11) arises from the man- 
dible in the region of the alveolar jugum 
of the lateral incisor and radiates into 
the skin of the chin. 


It produces the chin-lip furrow and is re- 
sponsible for an expression of doubt and in- 
decision (L). 


The platysma (12) radiates from the 
neck into the facial region and is con- 
nected with the risorius and the depres- 
sors of the angle of the mouth and of the 
lower lip. 


All mimetic muscles are innervated by the fa- 
cial nerve. 
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B Lateral view of mimetic 





muscles around mouth 


D-L Effect of muscles on facial 
expression (from Rouille) 


© 
x 
® 
2 
ks 
o 
© 
'S 
z 
® 
a 
oO 





view of buccinator 









Anterior view of mimetic muscles 


around mouth 
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Muscles of Mastication (A—E) 


The muscles of mastication are inner- 
vated by branches of the mandibular 
nerve. They develop phylogenetically 
from the 1st visceral arch. > 


In a strict sense they include the masse- 
ter (1), temporalis (2), lateral (3) and 
medial pterygoid (4). 


The masseter (1) arises from the 
Zygomatic arch (5) and is inserted into 
the masseteric tuberosity (6) on the 
angle of the mandible. The muscle is di- 
vided into a strong superficial part (7) with 
oblique fibers, and a deep part (8) whose 
vertical fibers arise from the inner sur- 
face of the zygomatic process of the 
temporal bone and from the temporal 
fascia. The masseter, like the tempo- 
ralis, powerfully closes the jaws by 
elevating the mandible. 

Nerve supply: Masseteric nerve. 


The temporalis (2) is the strongest 
elevator of the lower jaw, /t arises from 
the temporal fossa (9) as far as the in- 
ferior temporal line and from the tem- 
poral fascia (10). It is inserted by a 
strong tendon into the coronoid pro- 
cess of the mandible (11). Its insertion 
also extends downward on the interior 
and anterior side of the mandibular 
ramus. 

Nerve supply: Deep temporal nerves. 


The lateral pterygoid (3) is involved in 
all movements of the mandible. It serves 
as the guiding muscle of the mandib- 
ular joint. It consists of two parts, one 
(12) arising from the lateral surface of 
the lateral pterygoid plate (13) of the 
pterygoid process and the other (14) 
from the infratemporal surface (15) and 
the infratemporal crest of the greater 
wing of the sphenoid. The latter part ex- 
tends to the articular disk, while the 
former part is inserted into the 
pterygoid fovea (16). 

Nerve supply: Lateral pterygoid nerve. 


The medial pterygoid (4) runs almost at 
right angles to the muscle just de- 


scribed. /t arises in the pterygoid fossa, 
i.e., the larger part from the medial sur- 
face of the lateral pterygoid plate and 
the smaller part (17) from the lateral sur- 
face of that plate as well as with a few 
fibers from the maxillary tuberosity. It 
extends to the angle of the mandible 
where it is inserted into its medial sur- 
face, so that the angle of the mandible 
lies in a sling formed by the masseter 
and medial pterygoid. It elevates the 
mandible and also pushes it forward. It 
may also be involved in lateral displace- 
ment of the lower jaw and participate 
in rotational movements. 

Nerve supply: Medial pterygoid nerve. 
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Infrahyoid Muscles (A-B) 


The infrahyoid muscles act on the hyoid 
bone and thus on the mandible, as well 
as on the cervical vertebral colum. The 
infrahyoid muscles include the ster- 
nohyoid, omohyoid, sternothyroid and 
thyrohyoid. Phylogenetically, they be- 
long to the great ventral longitudinal 
muscle system. The omohyoid is also 
included in the muscles of the shoulder 
girdle (see p. 142). 


The sternohyoid (1) arises from the 
Posterior surface of the manubrium (2), 
from the sternoclavicular joint, and 
sometimes from the sternal end of the 
clavicle. It is inserted into the upper 
margin of the posterior surface of the 
hyoid bone (3). 


The omohyoid (4) has two bellies, a 
superior and an inferior, which are con- 
nected by an intervening tendon. The 
superior belly arises from the body of 
the hyoid bone (5); its fibers extend ob- 
liquely downward into the lateral region 
of the neck, where they end in the inter- 
mediate tendon. The tendon lies super- 
ficially across the neurovascular bundle 
of the neck. The inferior belly then con- 
tinues to the superior margin of the 
scapula adjacent to the scapular notch 
(6). It is closely connected with the 
middle cervical fascia. 


The sternothyroid (7) is wider than the 
sternohyoid which lies superficial to it. 
It arises from the posterior surface of 
the sternal manubrium (8) and reaches 
the oblique line of the thyroid cartilage 
(9). It closely invests the thyroid gland. 


The thyrohyoid (10) is the continuation 
of the sternothyroid. /t arises from the 
oblique line of the thyroid cartilage and 
is inserted into the posterior surface 
of the hyoid bone (11). 


All the infrahyoid muscles work to- 
gether, and specifically they may ap- 
proximate the thyroid cartilage to the 
hyoid bone or, when the mouth is being 


Anterior Muscles of the Neck 


opened, stabilize the laryngeal cartil- 
ages and the hyoid bone, or pull them 
downward. Because of its relationship 
to the neurovascular trunk and the 
middle cervical fascia, the omohyoid 
has the additional function of prevent- 
ing pressure on the large underlying 
vein. It holds open the internal jugular 
vein and so aids return of blood from 
the head region to the superior vena 
cava. 

Nerve supply: Ansa cervicalis profunda 
(C1, C2 and C3). 
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Attachment to the Shoulder 
Girdle (A-C) 


The two muscles of the head which are 
inserted into the shoulder girdle are the 
trapezius and sternocleidomastoid. 





ee also p. 142) is di- 





The descending part arises from the 
superior nuchal line, the external occip- 
ital protuberance (5) and the ligamen- 
tum nuchae (6; see p. 56) and is in- 
serted into the lateral third of the clavi- 
cle (7). The transverse part arises from 
the 7th cervical to the 3rd thoracic ver- 
tebrae (8; from the spinous processes 
and supraspinous ligaments) and js in- 
serted into the acromial end of the 
clavicle (9), the acromion (10) and part 
of scapular spine (11). The ascending 
part arises from the 2nd or 3rd to the 
12th thoracic vertebrae (12); from the 
spinous processe§ and the supra- 
spinous ligaments) and is inserted onto 
the spinal trigone and the adjacent part 
of the scapular spine (13). 


The primary function of the trapezius is 
a static one: it supports the scapula and 
thus stabilizes the shoulder girdle. Its 
contraction pulls the scapula and the 
clavicle backward and toward the ver- 
tebral column. The descending and as- 
cending parts rotate the scapula. In ad- 
dition to producing adduction, the de- 
scending part produces slight elevation 
of the shoulder, assisting the serratus 
anterior. If the latter muscle is 
paralyzed, the descending part is able 
to lift the arm to a little above the 
horizontal. 

Nerve supply: Accessory nerve and 
trapezius branch (C2-C4). 


The sternocleidomastoid (14; see also 
p. 142) arises by one head from the ster- 
num (15) and by the other from the clav- 
icle (16). It is inserted into the mastoid 
process and the superior nuchal line. 


There it has a tendinous connection 
with the origin of the trapezius. 


Unilateral action of the sterno- 
cleidomastoid turns the head to the op- 
positeside and bends itto the ipsilateral 
side. Bilateral contraction lifts the head. 
Finally, the sternocleidomastoid can be 
an accessory muscle of respiration if 
the head is fixed and the intercostal 
muscles are paralyzed. If the intercostal 
muscles are still functioning, however, 
the sternocleidomastoid is not brought 
into action. 

Nerve supply: Accessory nerve and fi- 
bers C1—C2 from the cervical plexus. 


Variants 


Since the sternocleidomastoid and trape- 
zius develop from the same material, they 
sometimes remain in a close relationship. 
The insertion of the trapezius to the clavicle 
may be considerably extended medially, 
and conversely the origin of the sterno- 
cleidomastoid may be displaced laterally. 
In this case the greater supraclavicular 
fossa, which is bordered by these two 
muscles and the clavicle, is reduced in size. 
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Fascias of the Neck (A-B) 


There are three layers of muscular fas- 
cias in the neck between the hyoid bone 
and the shoulder girdle. The supérficial 
layer of the cervical fascia (1) encloses 
all the structures of the neck except the 
platysma (2) and is continued dorsally 
into the nuchal fascia. The sterno- 
cleidomastoid (3) and trapezius (4) are 
embedded within. It extends from the 
mandible to the manubrium sterni and 
the clavicles. 


Underneath lies the middle or pre- 
tracheal layer (5) into which the in- 
frahyoid musculature is embedded (see 
p. 312). This fascia is closely applied in 
the region of the infrahyoid muscles (6). 
It does not, however, end at the lateral 
margins of the omohyoid muscles but 
continues laterally as a thin sheet. It 
comes in contact with the deep or pre- 
vertebral layer of the cervical fascia (7) 


and fuses with it. It is also connected ° 


with the connective tissue sheath 
around the neurovascular bundle 
(common carotid artery, internal jugu- 
lar vein, vagus nerve) as the carotid 
sheath (fasciae cervicalis; 8). 


The pretracheal layer extends in a 
craniocaudal direction from the hyoid 
bone to the manubrium sterni and the 
clavicles. Cranial from the hyoid bone, it 
fuses with the superficial layer of the 
cervical fascia. 


Between the superficial (1) and pre- 
tracheal (5) layers of the cervical fascia 
is the suprasternal interfascial space 
(9; see p. 340) in the region of the middle 
compartment of the neck. The prever- 
tebral layer (7) covers the vertebral col- 
umn and the deep cervical muscles as- 
sociated with it. 


The deep muscles of the neck include 
the longus capitis, the longus colli and 
the scalene muscles. The prevertebral 
layer arises from the base of the skull 
and extends into the thoracic cavity, 
where it is continuous with the endo- 


thoracic fascia. The contents of the 
neck, the larynx, pharynx, esophagus 
(12), trachea (13) and thyroid gland (14) 
with the parathyroid glands, lie between 
the pretrachial and prevertebral layers. 
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Regions (A-B) 


The head is separated from the neck by 
a line beginning at the chin continuing 
overtheangle ofthe mandible, the mas- 
toid process and the superior nuchal 
line to reach the external occipital pro- 
tuberance. 


The neck is separable from the trunk by 
the jugular notch of the sternum and the 
clavicles. Dorsally no precise boundary 
line can be defined. 


Regions of the Head 


The frontal region (1) comprises the 
forehead up to the coronal suture. Ad- 
jacent to it over the parietal bone on 
each side, is the parietal region (2), and 
over the temporal squama lies the tem- 
poral region (3). The infratemporal region (4) 
is covered by the zygomatic arch. Dor- 
sally the occipital region 5) lies over the 
occipital bone. 


The various regions of the face are the 
nasal region (6), the oral region (7) and the 
chin or mental region (8). The orbital region 
(9) lies around the eyes, the infraorbital 
region (10) is the area lateral to the nose, 
and the buccal region (11) is lateral to the 
oral region. The zygomatic region (12) lies 
about the zygomatic bone, and the 
parotid-masseteric region (13) contains the 
masseter muscle and the parotid gland. 


Regions of the Neck 


The neck is divided into a posterior region 
(14) and ventrolateral regions. The lat- 
ter is divided by the sternocleidomastoid 
region (15) into an unpaired anterior neck 
region and the paired lateral regions of 
the neck. The anterior neck region in- 
cludes the area between the lower jaw 
and the anterior margins of both ster- 
nocleidomastoids. It can be. further 
subdivided. In the center lies the middle 
neck region (16), which is limited by the 
hyoid bone, the omohyoids and ster- 
nocleidomastoids, and inferiorly by 
the jugular notch of the sternum. The 


depressed part of the middle neck re- 
gion, which lies just above the sternal 
jugular notch, is designated the supra- 
sternal fossa (17). The suprahyoid region 
(18) extends between the hyoid bone 
and the chin region. Laterally it is sepa- 
rated from the submandibular triangle (19) 
by the anterior belly of the digastric 
muscle. This triangular area is limited 
cranially by the mandible. It might be 
helpful to use the angular tract of the 
cervical fascia to separate the subman- 
dibular triangle from its superopos- 
terior part, the retromandibular fossa (20), 
which contains the cervical part of the 
parotid gland and the trunk of the facial 
nerve. The carotid triangle (21) is of great 
practical importance as it contains the 
bifurcation of the common carotid ar- 
tery. It is limited cranially by the pos- 
terior belly of the digastric muscle, an- 
teriorly by the superior belly of the 
omohyoid and dorsally by the sterno- 
cleidomastoid. 


The lateral region of the neck (22) or pos- 
terior triangle of neck ends anteriorly at the 
sternocleidomastoid, posteriorly at the 
trapezius and inferiorly at the clavicle. 
The omoclavicular triangle, or greater 
supraclavicular fossa or triangle (23), 
deserves special mention in this area. It 
is limited by the sternocleidomastoid, 
the inferior belly of the omohyoid and 
the clavicle. In thin individuals it may 
also be possible to see the /esser su- 
praclavicular (triangle) fossa (24) be- 
tween the two heads of the origin of the 
sternocleidomastoid. 
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Anterior Facial Regions 


The blood supply of the face comes 
primarily from branches of the external 
carotid artery and to a lesser extent 
from those of the internal carotid artery. 
On the anterior margin of the masseter 
(1), the facial artery (2) ascends and 
anastomoses via the angular artery (3) 
with the dorsal nasal artery (4), which 
stems from the ophthalmic artery. By 
way of larger branches in the facial re- 
gion, the facial artery sends twigs to the 
lip-region (see p. 326). The lateral re- 
gion of the face is supplied either by the 
facial artery or by the transverse facial 
artery (5), which is a branch of the 
superficial temporal artery (6). The 
deep layers of the anterior facial region 
receive their blood supply from the in- 
fraorbital artery (7), a terminal branch 
of the maxillary artery. The superficial 
temporal artery (6) supplies the tempo- 
ral and parietal regions, and the fore- 
head area proper is supplied by the 
supratrochlear (8) and supraorbital (9) 
arteries, both being terminal branches 
of the ophthalmic artery. Among the 
larger superficial veins of the facial 
region only the facial vein (10), which 
anastomoses with the dorsal nasal vein 
(11) and the superficial temporal vein 
(12) lie superficially. 


The mimetic muscles are supplied by- 


branches of the facial nerve. These are 
the temporal (13), zygomatic (14) and 
buccal (15) branches and the marginal 
mandibular branch (16). 


The sensory innervation to the skin of 
the face is derived from branches of the 
trigeminal nerve, the ophthalmic, the 
maxillary and the mandibular nerves. 
The ophthalmic nerve: The skin of the 
forehead is supplied by the frontal nerve 
with its supratrochlear nerve (17) and 
the supraorbital nerve (18). Near the lat- 
eral corner of the eye the /acrimal nerve 
(19) penetrates the orbicularis oculi (20) 
with a few of its branches and inner- 
vates the skin in this region. The exter- 


nal nasal nerve (21), a branch of the 
nasociliary nerve, supplies the dorsum 
and tip of the nose. The maxillary nerve: 
the lower eyelid, the cheek area, the 
lateral nasal region, the upper lip and 
the anterior temporal region are inner- 
vated by branches of the jnfraorbital 
nerve (22) and thezygomaticofacial and 
Zygomaticotemporal ‘branches of the 
zygomatic nerve. Mandibular nerve: the 
skin of the lower lip and chin region is 
innervated by the mental nerve (23), the 
posterior temporal region by the auric- 
ulotemporal nerve (24). The mental 
nerve emerges from the mental fora- 
men, while the auriculotemporal nerve 
ascends in front of the auricle of the 
ear together with the superficial tem- 
poral artery and vein. 


Practical Points 


The anastomosis between the facial vein (10) 
and the dorsal nasal vein (11) is important 
since it affords a direct connection to the 
cavernous sinus (see Vol. 2), through which 
infection, e. g., from a furuncle on the lip, 
may be carried inside the skull. 

The sensitivity of the three principal 
branches of the trigeminal nerve can be 
tested in the twigs of these branches. As 
pressure points the supraorbital notch 
serves for the supraorbital nerve (18), the in- 
fraorbital foramen for the infraorbital nerve 
(22) and the mental foramen for the mental 
nerve (23). All three pressure points lie ina 
roughly vertical line, about 2—3 cm lateral to 
the midline. 
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A Anterior view of facial region 
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Orbital Region (A-B) 


In an anterior view the orbital region 
roughly corresponds to the region of 
the orbicularis oculi. In this area there 
are anastomoses between the facial 
vessels and vessels from the interior of 
the skull. These anastomoses are of 
practical importance, both as a source 
of collateral circulation and for the 
spread of bacteria from the skin of the 
face through the veins to the interior of 
the skull. 


In the orbital region (A) the orbital sep- 
tum (1) separates the superficial struc- 
tures from the contents of the orbital 
cavity. Superficially the vessels are a 
continuation of the facial artery and 
vein (2), namely the angular artery and 
vein (3). The dorsal nasal artery and 
vein (5) lie in front of the palpebral liga- 
ment (4). The dorsal nasal artery may 
branch from the supratrochlear artery 
(6) outside (see figure) or within the or- 
bit. Together with the dorsal nasal ar- 
tery, the infratrochlear nerve (7) also 
pierces the orbital septum. It often 
anastomoses with the supratrochlear 
nerve (8), which is only separated from 
it by the trochlea (9). The supratrochlear 
nerve innervates the skin of the medial 
part of the forehead and the root of the 
nose and is accompanied by the su- 
pratrochlear artery and veins (10). Lat- 
eral to the supratrochlear nerve, the 
medial branch (11) of the supraorbital 
nerve pierces the septum and adjacent 
to it the /ateral branch (12) of the su- 
praorbital nerve, accompanied by the 
supraorbital artery (13). This artery and 
nerve leave an indentation in the bone, 
the supraorbital notch, which is some- 
times closed to form a supraorbital 
foramen (see p. 278). In the lateral angle 
of ‘the eye, branches of the /acrimal 
nerve (14) pierce the orbital septum. 
The upper eyelid is innervated by these 
nerves and by branches of the frontal 
nerve. The lower eyelid is innervated by 
branches of the infraorbital nerve (15), 
which emerges from the infraorbital 


foramen together with the infraorbital 
artery (16). 

Within the orbit (B), after removal of 
the orbital septum, the superior oblique 
muscle of the eye (17) becomes visible 
as it bends around the trochlea (9). The 
levator palpebrae superioris (18) and 
the tarsal muscle (19) can also be seen. 
A lateral tendinous process of the leva- 
tor palpebrae superioris divides the 
lacrimal gland into an orbital part (20) 
and a palpebral part (21). Below the 
eyeball the inferior oblique muscle of 
the eye (22) arises from the infraorbital 
margin. 


In the medial corner of the eye, after the 
outer limb of the (medial) palpebral 
ligament has been divided, the /acrimal 
sac (23) with the lacrimal canaliculi (24) 
which open into it become visible. 


25 Cut edge of the lateral part of the 
tendon of the levator palpebrae 
superioris, 


26 Outer limb of the (medial) palpebral 
ligament, divided and reflected. 
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Lateral Facial Regions (A) 


The parotidomasseteric region is the most 
important part of the lateral facial re- 
gion. In it lies the parotid gland (see Vol. 
2) which is differentiated into a super- 
ficial and a deep part. Anteriorly the 
parotid gland (1) lies on the masseter 
muscle (2) and posteriorly it occupies 
the retromandibular fossa. At the an- 
terior margin of the parotid gland the 
parotid or Stensen’s duct (3) leaves the 
gland and turns deeply down in front of 
the buccal fat pad (4). It is accompanied 
by the somewhat variably developed 
transverse facial artery (5), a branch of 
the superficial temporal artery (6). This 
supplies blood to parts of the face. 


Between the superficial and deep parts 
of the gland lies the parotid plexus of 
the facial nerve, whose branches, as 
temporal (7) zygomatic (8), buccal (9) 
and marginal mandibular (10) become 
visible on the superior and anterior 
border of the gland and run to the mi- 
metic muscles. At the inferior border of 
the parotid gland the cervical branch of 
the facial nerve (11) is seen, which 
sometimes runs for a distance together 
with the marginal mandibular branch 
and which forms the superficial ansa 
cervicalis with the transverse cervical 
nerve (see p. 344). At the inferior 
margin of the parotid gland the re- 
tromandibular vein (12) runs with the 
cervical branch of the facial nerve or 
with the marginal mandibular branch. 
This vein is joined by the facial vein (13) 
as it runs along the anterior border of 
the masseter muscle (2). Usually the 
facial artery (14) passes in front of the 
facial vein around the mandible (bony 
pressure point). It extends as the angu- 
lar artery (see p. 322) to the medial 
corner of the eye and gives off the in- 
ferior (15) and superior (16) labial 
arteries. 


On the superior margin of the parotid 
gland, just in front of the external ear, 
runs the superficial temporal artery (6), 


which, after giving off the middle tem- 
poral artery, divides into frontal (17) and 
parietal (18) branches. It may run a very 
tortuous course and is accompanied by 
the superficial temporal vein (19). The 
parietal branch (18) follows a branch of 
the mandibular nerve, the auriculotem- 
poral nerve (20), which innervates the 
skin of the posterior temporal region. 
Superficial parotid lymph nodes (21) 
are found in variable numbers, usually 
just in front of the auricle. 


22 Great auricular nerve, 
23 Platysma. 
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A Parotidomasseteric region 
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Infratemporal Fossa (A-G) 


First Layer (A) 


Access to the infratemporal fossa is 
gained by removal of the zygomatic 
arch and the coronoid process of the 
mandible. The /atera/ (1) and medial (2) 
pterygoid muscles then become visible. 
Anteriorly, the infratemporal fossa is 
limited by the maxillary tuberosity (3) 
and the pterygomandibular raphe (4). 


The maxillary artery (5) may run be- 
tween the two heads of the lateral 
pterygoid muscle. In this region it gives 
off the buccal artery (6) and the superior 
posterior alveolar artery (7) in addition 
to branches to the masticatory muscles, 
before descending into the pterygo- 
palatine fossa. 


The buccal nerve (8) also runs between 
the two heads of the lateral pterygoid 
muscle. Below the lateral pterygoid 
muscle the /ingual (9) and inferior 
alveolar (10) nerves become visible, 
and above the muscle the masseteric 
nerve (11) is seen. 


Second Layer (B) 


The vessels and nerves of the infratem- 
poral fossa only become fully visible af- 
ter removal of the lateral pterygoid 
muscle and the condylar process ofthe 
mandible. The maxillary artery (5) lies 
lateral to the sphenomandibular liga- 
ment (12) and to the large branches of 
the mandibular nerve (13) and may be 
followed throughout its entire length. In 
its mandibular part it gives off the ante- 
rior tympanic artery (14), the deep 
auricular artery (15) and the middle 
meningeal artery (16), which reaches 
the interior of the skull through the 
foramen spinosum. 


¥ 


The middle meningeal artery is sur- 
rounded by the two roots of the au- 
riculotemporal nerve (17), which often 
receives additional fibers (18) from the 
inferior alveolar nerve (10). The au- 


riculotemporal nerve (17) anastomoses 
(19) with branches of the facial nerve 
(20). Over this anastomosis, which may 
surround the superficial temporal ar- 
tery (21), there may be transmitted 
parasympathetic fibers from the otic 
ganglion to the facial nerve and over it 
to the parotid gland (see Vol. 3). 


Before it reaches the mandibular canal 
the inferior alveolar nerve (10) gives off 
the mylohyoid nerve (22), which is ac- 
companied by the mylohyoid artery 
(23), a branch of the inferior alveolar ar- 
tery (24). The chorda tympani (25), 
which carries parasympathetic and 
sensory fibers, descends to join the lin- 
gual nerve. From the anterior part of the 
mandibular nerve (13), the buccal nerve 
(8) arises to innervate the mucous 
membrane of the cheek and to supply 
parasympathetic fibers from the otic 
ganglion to the glands of the cheek. 
Purely motor branches, such as the 
masseteric nerve (11), the pterygoid 
nerves and the deep temporal nerves, 
(26) arise also from the anterior part. 


Variants (C—G) 


The maxillary artery has a very variable 
course because of its development. Thus, 
the maxillary artery (5) often lies lateral to the 
lateral pterygoid muscle (C) and less often 
medial to it (A, D). When it does lie medially, 
the artery usually runs to the pterygopalatine 
fossa, lateral (E) to the inferior alveolar nerve 
(10) and the lingual nerve (9), but medial to 
the buccal nerve (8). However, the artery may 
run between the branches (F) or, more 
rarely, medial to the trunk of the mandibular 
nerve (G). 
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A Infratemporal fossa, 1st layer 





B Infratemporal fossa, 2nd layer 














C-G Variants of maxillary artery 


330 Head and Neck 


Superior View of the Orbit 
(A-B) 


Only a few of the vessels and nerves of 
the orbit can be seen in an anterior ap- 
proach and a clear view of their re- 
lationships can be gained only by re- 
moval of the roof of the orbit. 


First Layer (A) 


After removal of the orbital roof and the 
periorbita, it is possible to see the 
nerves which run through the lateral 
part of the superior orbital fissure; the 
most medial is the trochlear nerve (1), 
which innervates the superior oblique 
muscle of the eye (2). Alongside runs 
the relatively thick frontal nerve (3), 
which lies on the /evator palpebrae 
superioris (4). The supraorbital artery 
(5) accompanies its lateral branch, the 
supraorbital nerve (6), while the medial 
branch, the supratrochlear nerve (7), 
runs along with the supratrochlear ar- 
tery (8). The furthest laterally is the /ac- 
rimal nerve (9) which innervates the/ac- 
rimal gland (10) with the fibers received 
from the zygomatic nerve and the skin 
at the lateral corner of the orbit. 


The superior opthalmic vein (11) also 
passes through the lateral part of the 
superior orbital fissure. One of its 
tributaries crosses below the superior 
rectus muscle (12) having anastomosed 
with the external facial veins (see p. 322) 
in the region of the trochlea (13); the 
other branch runs together with the/ac- 
rimal artery (14), which may give off 
small branches to muscles, and the 
short posterior ciliary arteries (B,15). 
Covered by the superior oblique muscle 
(2) on the medial side lie the anterior 
ethmoidal artery and nerve (16), and 
superior to this muscle and more pos- 
teriorly run the posterior ethmoidal ar- 
tery and nerve (17). 


Second Layer (B) 


After division and reflexion of the 
levator palpebrae superioris (4) and the 


superior rectus muscle (12), the optic 
nerve (18), ophthalmic artery (19) and 
the nerves which pass through the me- 
dial part of the superior orbital fissure 
become visible. The abducens nerve 
(20), which innervates the /atera/l rectus 
muscle (21), is the most lateral of them. 
Immediately medial to it runs the 
oculomotor nerve (2), which divides 
into two branches. The superior branch 
(23) supplies the levator palpebrae 
superioris (4) and the superior rectus 
muscle (12). Theinferior branch (24) in- 
nervates the medial rectus muscle (25) 
and the inferior rectus and inferior ob- 
lique muscles. In addition, the inferior 
branch sends the oculomotor root (26) 
to theciliary ganglion (27), which lies on 
the optic nerve (18). The ganglion is 
connected with the nasociliary nerve 
(29) via a communicating branch (28). 
From the ganglion the short ciliary 
nerves (30), which contain postgan- 
glionic parasympathetic fibers for in- 
nervation of the ciliary muscle and the 
sphincter pupillae, run to the eyeball 
(31). The short ciliary nerves also carry 
sensory and sympathetic fibers, the lat- 
ter reach the ganglion from a sympa- 
thetic network (not shown) around the 
ophtalmic artery. Sensory fibers from 
the nasociliary nerve also run to the 
eyeball through the Jong ciliary nerves 
(32). The nasociliary nerve, which gives 
off the ethmoidal nerves, is continued 
as the infratrochlear nerve (33). 


Practical Points 


The superior ophthalmic vein is important as 
it anastomoses with the facial veins and 
opens into the sinus cavernosus. It provides 
aroute by which infection in the facial region 
may spread to the sinus cavernosus. 


Variants 


There is sometimes a meningoorbital artery 
(34) joining the ophthalmic and middle 
meningeal arteries. 
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332 Head and Neck 


Nuchal Region (A) 


The vessels and nerves which supply 
the skin lie subcutaneously in the 
nuchal region. The occipital artery (1) 
penetrates the nuchal fascia above the 
tendon arch (2) which extends between 
the area of attachment of the sterno- 
cleidomastoid (3) and the trapezius (4). 
The occipital artery is accompanied by 
an occipital vein (5) of variable caliber, 
which is sometimes absent and may be 
replaced completely by a /arge median 
vessel, the nuchal azygos vein (6). In the 
immediate neighborhood of the occipi- 
tal artery and vein, the greater, occipital 
nerve (7) becomes subcutaneous. This 
nerve is the dorsal branch of the 2nd 
cervical spinal nerve. Together with the 
lesser occipital nerve (8) from the cer- 
vical plexus, it innervates the skin on 
the back of the head. There are almost 
always anastomoses between branches 
of the greater and lesser occipital 
nerves. Immediately behind the ear the 
skin is also supplied by the posterior 
branch of the great auricular nerve (9). 
In addition, segmental dorsal branches, 
of which the occipitalis tertius nerve 
(10) is the more strongly developed, are 
involved in the cutaneous innervation 
of this region. Occipital lymph nodes 
(11) are found at the points where the 
vessels and nerves pass through the 
nuchal fascia. 


Suboccipital Triangle (B) 


The suboccipital triangle only becomes 
visible after removal of all the superfi- 
cial muscles (A; sternocleidomastoid 
[3], trapezius [4], splenius capitis [12] 
and semispinalis capitis 13)). The 
vertebral artery (14) lies in this region. It 
passes cranialward through the trans- 
verse foramina of the upper six cervical 
vertebrae, then lies on the posterior 
arch of the atlas (15) in the groove for 
the vertebral artery and enters the in- 
terior of the skull through the atlanto- 
occipital membrane. 


The triangle is bordered by the rectus 
capitis major (16), the obliquus capitis 
superior (17) and the obliquus capitis 
inferior (18). |In this area the vertebral ar- 
tery gives off a branch (19) to the sur- 
rounding muscles. Between the artery 
and the posterior arch of the atlas lies 
thesuboccipital nerve (20) which, as the 
dorsal branch of the 1st cervical spinal 
nerve, innervates the muscles men- 
tioned above and the rectus capitis 
minor (21). 
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334 Head and Neck 
Parapharyngeal and 
Retropharyngeal Spaces (A) 


Lateral to and behind the pharynx, the 
vessels and nerves between the head 
and the trunk run through the neck. 


Furthest dorsally lies the sympathetic 
trunk (1), which divides at the superior 
cervical ganglion (2), into the jugular 
nerve (3) and the internal carotid nerve 
(4). While the carotid nerve follows the 
internal carotid artery (5), the jugular 
nerve turns toward theinferior ganglion 
(6) of the vagus nerve (7). In addition, 
there are connections to the hypo- 
glossal nerve (8) and to the carotid body 
(9), which also receives fibers from the 
nerve to the carotid sinus (10). 


The vagus nerve (7) passes through the 
jugular foramen and developes a 
superior and inferior ganglion. It de- 
scends between the internal carotid ar- 
tery (5) and the internal jugular vein 
(11). In addition to small branches and 
anastomoses, the vagus nerve running 
medial to the internal carotid artery 
gives off the superior laryngeal nerve 
(12) which divides into an external (13) 
and an internal (14) branch. Other 
branches include the pharyngeal rami 
(15), which run along with the pharyn- 
geal branches (16) of the glossopharyn- 
geal nerve (17) to supply the muscles of 
the pharynx and the pharyngeal mu- 
cous membrane. The glossopharyngeal 
nerve (17), separated from the vagus 
nerve (7) and the accessory nerve (19) 
by a bridge of dura (18), transverses the 
jugular foramen and, after giving off 
pharyngeal branches and the nerve to 
the carotid sinus (10), runs caudalward 
and anteriorly between the internal 
carotid (5) and external carotid (20) 
arteries. 


The accessory nerve (19) usually takes a 
course dorsal to the superior bulb (21) 
of the internal jugular vein (11). Then it 
runs laterally and passes through the 
sternocleidomastoid (22), or medial to it 
in the lateral region of the neck, also 


called posterior triangle of the neck 
(see p. 346). 


The hypoglossal nerve (8) passes to- 
ward the front lateral to both carotid ar- 
teries. Immediately below the base of 
the skull it receives fibers (23) from the 
1st and 2nd cervical segments. It gives 
off the superior root of the ansa cervi- 
calis (24; see p. 348). 


The external carotid artery gives off its 
dorsal branch, the ascending 
pharyngeal artery (25) which ascends 
alongside the pharynx, and reaches the 
base of the skull by its branch, the pos- 
terior meningeal artery. 


26 Pharyngobasilar membrane, 

27 Pharyngeal raphe, 

28 Constrictor pharyngis superior, 
29 Constrictor pharyngis medius, 

30 Constrictor pharyngis inferior, 

31 Stylopharyngeus, 

32 Facial nerve, 

33 Thyroid gland, 

34 Superior parathyroid gland (right). 
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336 Head and Neck 


Submandibular Triangle (A-B) 


The submandibular triangle (A) is 
bounded by the body of the mandible 
(1), the anterior belly (2) of the digastric, 
and from the angular tract of the cervi- 
cal fascia (3) with the interglandular 
septum. Deep down, starting from the 
tractus angularis, the interglandular 
system divides the submandibular 
space from the parotid space. If it is 
removed, the submandibular and retro- 
mandibular fossa become continuous 
(B). 


Submandibular Triangle 
Superficial Layer (A) 


The submandibular gland (4) lies super- 
ficial to the mylohyoid (5), around the 
posterior margin of which winds the 
submandibular duct (6) accompanied 
by a more or less well developed unci- 
nate (deep) process. 


In addition, the mylohyoid divides the 
submandibular triangle into a super- 
ficial and a deep compartment. The 
facial artery and vein (7) pass through 
the gland. The facial artery gives off 
the submental artery (8), which runs to 
the chin superficial to the mylohyoid (5), 
accompanied by the submental vein. 
The mylohyoid nerve (9), which arises 
from the inferior alveolar nerve lies in 
the same plane and innervates the 
mylohoid muscle and the anterior belly 
(2) of the digastric. One or more sub- 
mental lymph nodes (10) adhere ex- 
ternally to the mylohyoid and collect 
lymph from the chin and lower lip re- 
gions. Deep or medial to the mylohyoid 
the lingual nerve (11) runs in an arch 
toward the tongue and is connected to 
the submandibular ganglion (12) by 
ganglionic branches. Glandular 
branches run from the ganglion to 
the submandibular gland. The sub- 
mandibular duct (6) runs in the imme- 
diate vicinity of the ganglion together 
with the hypoglossal nerve (13) and a 
vena comitans (accompanying vein) of 
the hypoglossal nerve. 


Submandibular Triangle 
Deep Layer (B) 


The geniohyoid (14) and hyoglossus 
(15) are seen after bending back the 
anterior belly of the digastric (2) and the 
mylohyoid (5). The styloglossus radi- 
ates forward into the tongue. Inferior to 
the hypoglossal nerve (13), the fibers of 
thehyoglossus (15) may be separated to 
demonstrate the /ingual artery (16), in 
the depth, sometimes accompanied by 
a small lingual vein. The area where the 
artery is found is called the triangle of the 
lingual artery. It is formed by the hypo- 
glossal nerve, the anterior belly of the 
digastric and the posterior border of the 
mylohyoid muscle (see Fig. A). Medial 
to the hyoglossus, the glossopharyn- 
geal nerve (17) descends from the 
retromandibular fossa and is crossed 
by the ascending palatine artery (18), a 
branch of the facial artery. The 
stylohyoid ligament (19) runs paral- 
lel to the glossopharyngeal nerve. 


20 External carotid artery, 
21 Facial nerve, 

22 Masseter, 

23 Sternocleidomastoid, 
24 External jugular vein. 
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Retromandibular Fossa (A) 


The retromandibular fossa is limited by 
the ramus of the mandible (1), the pos- 
terior belly of the digastric and.anarrow 
band of strong fibers of the angular 
tract of the cervical fascia. \t contains 
the deep portion of the parotid gland. 


After removal of the parotid gland, the 
facial nerve (3), emerging from the 
stylomastoid foramen and dividing into 
its branches, is visible. The 1st branch 
to be given off is the posterior auricular 
nerve (4), which supplies the occipital 
belly of the occipitofrontal muscle and 
the posterior muscles of the ear. The 
next branches to leave the trunk of the 
facial nerve are the digastric (5) and 
stylohyoid (6) branches to the corre- 
sponding muscles. The facial nerve 
then splits up into the parotid plexus (7), 
which lies between the superficial and 
deep parts of the parotid gland. This 
plexus also forms loops around the 
neighboring vessels and sends 
branches to the mimetic muscles, i. e. 
the temporal (8), zygomatic (9) and 
buccal (10) branches and the marginal 
mandibular branch (11). The cervical 
branch of the facial nerve (12) also 
arises from the parotid plexus. It inner- 
vates the platysma and forms the super- 
ficial ansa cervicalis with the transverse 
cervical nerve. 


Deep in the retromandibular fossa is the 
external carotid artery (13), which di- 
vides into the maxillary artery (14) and 
the superficial temporal artery (15). The 
ist branch of the superficial temporal 
artery is usually the transverse facial ar- 
tery (16), which, however, may arise asa 
direct branch from the external carotid 
artery (see Fig.). The external carotid ar- 
tery is accompanied by the retroman- 
dibular vein (17), which is formed from 
the superficial temporal (18) and the 
maxillary (19) veins. 


When the retromandibular vein runs 


superficially, it anastomoses with the fa- 
cial vein (20) and continues into the ex- 
ternal jugular vein (21). In this case we 
find deep accompanying veins (22) of 
the external carotid artery. The pos- 
terior auricular artery (23) ascends dor- 
sal to the retromandibular vein. At the 
superior margin of the retromandibular 
fossa, the superficial temporal artery 
and vein cross the auriculotemporal 
nerve (24), which emerges from the in- 
fratemporal fossa and innervates the 
skin of the posterior temporal region. 


25 Great auricular nerve, 

26 Anastomosis with transverse cervi- 
cal nerve (superficial ansa cervi- 
Calis), 

27 Parotid duct (cut), 

28 Buccal nerve, 

29 Facial artery, 

30 Masseter 

31 Buccinator 
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Middle Region of the Neck 
(A-B) 


In the anterior region of the neck the di- 
vision into layers produced by the cervi- 
cal fascias is particularly clear. 


Head and Neck 


Interfascial Space (A) 


The platysma muscle (1) is of variable 
size and lies directly beneath the skin. 
After this integumentary muscle is re- 
moved, the superficial layer of the cer- 
vical fascia (2) becomes visible, and if 
this is divided it reveals the pretracheal 
layer of the cervical fascia (3) covering 
the infrahyoid muscles. Caudally the 
region is limited by the sternocleido- 
mastoids (4). Just above the jugular 
notch, the jugular venous arch (5) joins 
the right anterior (6) to the left anterior 
jugular vein. These veins may also re- 
ceive blood from deep structures 
through the middle or pretracheal layer 
of the cervical fascia (3). 


Deep Layer (B) 


After the pretracheal layer of the cervi- 
cal fascia has been removed, the in- 
frahyoid muscles and the thyroid gland 
(7) become visible. To obtain a better 
view ofthe thyroid gland and the entire 
region, certain muscles must be cut. 
Most medially and superficially lies the 
sternohyoid (8) and lateral to it is the 
omohyoid muscle (9). Deep to them lie 
the thyrohyoid (10) and sternothyroid 
(11). All the infrahyoid muscles are in- 
nervated on their respective sides by the 
deep ansa cervicalis (12). 


The thyroid gland (7) lies in front of the 
cricoid cartilage and the trachea (13). Its 
lateral lobes (see p. 342) reach the 
thyroid cartilage (14). Between the 
thyroid and the cricoid cartilages ex- 
tends the cricothyroid ligament (15), 
which is covered laterally by the 
cricothyroid muscles (16). On each side 
these muscles are innervated by the ex- 
ternal branch (17) of the superior 
laryngeal nerve (18). The internal 


branch (19) of the superior laryngeal 
nerve perforates the thyrohyoid mem- 
brane (21). It is accompanied by the 
superior laryngeal artery, which arises 
from the superior thyroid artery (20). 


The blood return from the thyroid gland 
(see p. 342) passes through various 
veins, of which the superior thyroid vein 
(22) and the unpaired thyroid venous 
plexus (23) are visible in this region. The 
plexus extends in front of the trachea to 
the left brachiocephalic vein as the “‘in- 
ferior thyroid vein”. The brachiocepha- 
lic trunk (24), which lies directly in front 
of the trachea, rises obliquely upward 
and to the right. Lateral to the trachea 
and in front of the esophagus, the left 
recurrent laryngeal nerve (25) runs to 
the larynx. 


Variants 


The jugular venous arch may occur at any 
level between the hyoid bone and the jugular 
notch. In one position, just below the hyoid 
bone, it is called the subhyoid venous arch. 
Rarely, a vein ascends from the thyroid 
gland to perforate the middle cervical fascia 
and to end in the anterior jugular vein. In 
some cases a thyroidea ima artery may arise 
from the brachiocephalic trunk or from the 
aorta. 
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Thyroid Region (A-G) 


Head and Neck 


The thyroid gland consists of an isthmus 
(1), a right lobe (2) and a left lobe (3). 
Each lobe has a superior (4) and an in- 
ferior pole (5). The superior poles of 
both lobes reach the thyroid cartilage 
(6), while the isthmus lies in front of the 
cricoid cartilage and the trachea. Thus, 
the cricothyroid ligament (7), which 
connects the cricoid with the thyroid 
cartilage, remains free, provided there 
is no pyramidal lobe. Such a lobe may 
sometimes ascend from the isthmus 
(remnant of the thyroglossal duct). 


The thyroid gland receives its blood 
supply on each side from the superior 
(8) and inferior (9) thyroid arteries. The 
superior thyroid artery arises from the 
external carotid artery (10) and reaches 
the thyroid gland at its superior pole, 
while the inferior thyroid artery (9) 
arises as a branch from the thyrocervi- 
cal trunk (11), which originates from the 
subclavian artery (12), and reaches the 
thyroid gland on its posterior surface. It 
is important to note its relationship to 
the recurrent laryngeal nerve (13, B-D). 


The blood returns through the superior 
thyroid veins (14), which open into the 
internal jugular veins (16) by the com- 
mon facial veins (15). A middle thyroid 
vein (17) runs from the lateral margin 
of the thyroid gland directly to the inter- 
nal jugular vein. At the lower end of 
the thyroid gland is the unpaired 
thyroid venous plexus (18) which, as 
the “inferior thyroid vein’, sends blood 
to the left brachiocephalic vein (19). 
Sometimes another vein may extend 
from the cranial margin of the isthmus 
to the anterior jugular vein (see Fig. 
341 B). 


Practical Points 


The close relationship of the thyroid gland to 
the vessels and nerves of the neck endan- 
gers them during operations on the thyroid 
gland and in emergency operations on the 
respiratory tract. Great care must be taken 


with regard to the thoracic duct (20), which 
passes by the lower left pole and reaches the 
left venous angle (21). In a coniotomy care 
must be taken in case there is a pyramidal 
lobe, while in an inferior tracheotomy (opening 
of the trachea caudal to the isthmus) the 
blood-filled, unpaired thyroid plexus must 
be preserved. Equally, care must be taken of 
the brachiocephalic trunk (22) which cross- 
es the trachea obliquely. 


Variable Position of the Recurrent 


Laryngeal Nerve (B—D) 


In addition to innervating the mucous mem- 
brane of the subglottic space, the recurrent 
laryngeal nerve (13) innervates all the 
laryngeal muscles other than the cricothy- 
roid muscle. Its position is with approxi- 
mately equal frequency (according to Lanz) 
either ventral to (B, 27%), dorsal (C,36%) or 
in between (D,32%),the branches of the in- 
ferior thyroid artery (9). In the drawing for- 
ward of the thyroid gland during surgery, 
great care must be taken, as even pulling on 
the nerve may produce paralysis of the 
laryngeal muscles. 


Variants of the Inferior Thyroid Artery 
(E-G) 


The inferior thyroid artery is particularly 
variable both as to its site of origin and its 
course. Because of the importance of the 
vessel some of its more uncommon variants 
will be mentioned here. The inferior thyroid 
artery (9) may run dorsal to the vertebral 
artery (23) toward the middle (E). Some- 
times (F) the artery may divide immediately 
after it leaves the thyrocervical trunk. One 
branch may then lie ventral and the other 
dorsal to the common carotid artery (24) 
and the internal jugular vein (16). Finally (G), 
the inferior thyroid artery (9) may arise 
directly from the subclavian artery as the 1st 
branch. 
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E-G Variants of branches of subclavian artery (personal observations) 
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Ventrolateral Regions of the 
Neck (A-B) 


The ventrolateral cervical regions may 
be divided into a superficial subcutane- 
ous region with the nerve point, the lat- 
eral cervical region (posterior triangle 
of the neck), the carotid triangle and the 
sternocleidomastoid region. 


The Ventrolateral Subcutaneous 
Region of the Neck (A) 


Its boundaries are superiorly the man- 
dible, anteriorly the median sagittal 
plane, posteriorly the palpable margin 
of the trapezius and inferiorly the clavi- 
cle (1). The subcutaneous layer con- 
tains a cutaneous muscle, the platysma, 
large veins and the cutaneous branches 
of the cervical plexus. The area in which 
these cutaneous branches penetrate 
the superficial layer of the cervical fas- 
cia is called the nerve point. It lies roughly 
where the posterior border of the 
platysma crosses the sternocleidomas- 
toid. After the platysma has been re- 
moved all the superficial vessels and 
nerves become visible. 


The lesser occipital nerve (2), which 
runs subcutaneously parallel to the 
posterior border of the sternocleido- 
mastoid muscle, is the most cranial. 
This nerve, which takes part in the sen- 
sory innervation of the skin of the back 
of the head, may divide into two 
branches immediately after it has perfo- 
rated the superficial layer of the cervical 
fascia. The largest caliber nerve is the 
great auricular nerve (3), which gives off 
an anterior (4) and a posterior (5) 
branch that ascend obliquely across 
the sternocleidomastoid muscle and 
take part in sensory innervation of the 
external ear. At about the same place 
as this nerve, the transverse cervical 
nerve (6) perforates the superficial layer 
of the cervical fascia, runs deep to the 
external jugular vein (7) and, together 
with the cervical branch of the facial 
nerve (8), forms the superficial ansa 


cervicalis (9). The platysma and the 
overlying skin are innervated by this 
ansa. Caudally, at different levels, the 
medial (10), intermediate (11) and 
lateral (12) supraclavicular nerves per- 
forate the cervical fascia to innervate 
the skin of the shoulder region. 


Practical Points 


Eiselsberg’s phenomenon occurs on the 
right side of the shoulder as a so-called false 
projection, i. e. pain may radiate into the 
right shoulder due to disease of the liver or 
gall bladder. Pain spreads into dermatomes 
C3-C5 (see Vol. 3). Diseases of the pan- 
creas may produce pain in the left shoulder 
region. 


Lateral Region of the Neck, 
First Layer (B) 


After removal of the superficial layer of 
the cervical fascia, the posterior border 
of the sternocleidomastoid (13) and the 
anterior border of the trapezius (14) be- 
come visible. The pretracheal layer of 
the cervical fascia (15), which merges 
with the prevertebral layer of the cervi- 
cal fascia in the lateral region of the 
neck, separates the 1st layer from the 
others. In addition to the structures al- 
ready described above, the accessory 
nerve (16) and the trapezius branch (17) 
of the cervical plexus, both of which 
supply the trapezius, run in this layer. 
Here we also find the superficial cervi- 
cal vein (18), which joins the external 
jugular vein, and the superficial cervical 
artery (19). Some superficial cervical 
lymph nodes (20) lie alongside the 
veins. 
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Ventrolateral Regions of the 
Neck (A-B) 


Lateral Region of the Neck, Second 
Layer (A) . 


After removal of the pretracheal layer of 
the cervical fascia (1), the omohyoid 
muscle (2), which is embedded by it, be- 
comes visible. Cranial and dorsal to the 
omohyoid, the pretracheal layer of the 
cervical fascia merges with the prever- 
tebral layer of the cervical fascia (3). It 
has only a firm texture in the omo- 
clavicular triangle, which is formed by 
the inferior belly (2) of the omohyoid, 
the sternocleidomastoid (4) and the 
clavicle (5): In the omoclavicular 
triangle the external jugular vein (6) and 
the superficial cervical vein (7) com- 
bine with the subclavian (8) andinternal 
jugular (9) veins at the right venous 
angle to form the brachiocephalic vein. 
The suprascapular vein (10) also 
reaches the venous angle. The order in 
which the veins join shows marked vari- 
ability. The suprascapular artery (11) 
runs with the vein of the same name just 
above the clavicle. The trunk of the 
superficial cervical artery (12) becomes 
visible cranial to the inferior belly of the 
omohyoid. 


Lateral Region of the Neck, Third 
Layer (B) 


After the prevertebral layer of the cervi- 
cal fascia (3) has been removed, the 
deep cervical muscles, the sca/enus an- 
terior (13), scalenus medius (14), 
scalenus posterior (15), /evator 
scapulae (16) and the splenius cervicis 
(17), can be seen. Within the “scalene 
gap” formed between the scalenus an- 
terior and scalenus medius runs the 
brachial plexus (18) and the subclavian 
artery (19). In the area of the scalene 
gap the subclavian artery gives off the 
dorsal scapular artery (20), which be- 
comes visible behind the scalenus 
medius. When this artery is absent, it is 
replaced by adeep branch of the super- 


ficial cervical artery (12). The phrenic 
nerve (21), a branch of the cervical 
plexus from segment C4, obliquely 
crosses the scalenus anterior (13). The 
brachial plexus (18) gives off its su- 
praclavicular branches, of which the 
suprascapular (22), long thoracic (23) 
and dorsal scapular (24) nerves become 
visible. The cervical lymph nodes (25) 
together forma lymphatic chain that ex- 
tends to the venous angle. The right 
venous angle receives lymph vessels 
(right lymphatic trunks) from the right 
half of the head and neck, the right arm 
and the right half of the thorax. Lymph 
vessels from the other body regions run 
to the left venous angle (see Vol. 2, 
p. 80). 
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Ventrolateral Regions of the 
Neck (A-F) 


Carotid Triangle (A) 


x 


The boundaries of the carotid triangle 
are the sternocleidomastoid (1), the 
superior belly of the omohyoid (2) and 
the posterior belly (3) of the digastric. 
The latter is fixed by the stylohyoid (4) to 
the hyoid bone (5). 


The common facial vein (6) runs super- 
ficially; it receives the vena comitans of 
the hypoglossal nerve (7) and the 
superior thyroid vein (8) before joining 
the internal jugular vein (9). Ventral to 
the latter lies the common carotid artery 
(10) with the carotid sinus (11) see 
Vol. 2). 


In 67% of cases, at the level of the 4th cervi- 
cal vertebra, the common carotid artery di- 
vides into the internal carotid artery, (12), 
which runs posteriorly, and the external 
carotid artery (13), which runs anteriorly. In 
about 20% of cases the division occurs one 
vertebra higher, and in 11% one vertebra 
lower, while in the remaining 2% there are 
particularly high or low divisions, perhaps 
even completely outside the carotid 
triangle. 


The internal carotid artery (12) has asa 
rule no branches. The 1st ventral 
branch of the external carotid artery 
(13) is the superior. thyroid artery (14) 
which supplies blood to the thyroid 
gland (15) and to the larynx through the 
superior laryngeal artery (16). Some- 
times the superior thyroid artery also 
gives off a sternocleidomastoid artery 
(17), which more often arises directly 
from the external carotid artery and 
loops over the hypoglossal nerve (18). 
Thelingual artery (19) is another ventral 
branch which extends to the tongue, 
medial to the hyoglossus (20). The last 
branch within the carotid triangle is the 
facial artery (21), which arises medial to 
the posterior belly (3) of the digastric 
muscle and runs toward the face. The 
carotid body (22) lies in the angle of the 


carotid bifurcation. It is a paraganglion 
(see Vol. 2) which is reached both by 
sympathetic and parasympathetic fi- 
bers. Parasympathetic fibers also run in 
the nerve of the carotid sinus (23), a 
branch of the glossopharyngeal nerve, 
which extends to the carotid sinus (11), 
as well as to the carotid body. 


The hypoglossal nerve (18) runs lateral 
to both carotid arteries and at the be- 
ginning of its arch it gives off the 
superior root of the deep ansa cervica- 
lis (24). The fibers of this root arise from 
the first two cervical segments, like 
those of the thyrohyoid branch (25) 
which supplies the thyrohyoid muscle. 
Descending along the common carotid 
artery, the superior root joins the jn- 
ferior root of the deep ansa cervicalis 
(26) from C2 and C3, which extends lat- 
erally or medially across the internal 
jugular vein to form the deep ansa cer- 
vicalis (27). This innervates the remain- 
ing infrahyoid muscles. 


Medial to the external carotid artery lies 
the superior laryngeal nerve, whose in- 
ternal branch (28) reaches the larynx 
together with the superior laryngeal ar- 
tery. The superior laryngeal nerve is a 
branch of the vagus nerve (29), which 
runs between the internal carotid artery 
and the internaljugular vein and which 
is only separated by the prevertebral 
layer of the cervical fascia from the 
sympathetic trunk (30) and its superior 
cervical ganglion (31). In the 
superoposterior angle of the triangle we 
find the accessory nerve (32). 


Variants (B—F) 


Only the position of the external and internal 
carotid arteries and the origin of their three 
ventral branches are discussed here. Ac- 
cording to Faller, in 49% of cases the inter- 
nal carotid artery may arise dorsolateral (B) 
to the external carotid artery from the com- 
mon Carotid artery, and in 9% it is ventrome- 
dial (C). All intermediate positions are possi- 
ble. A thyrolingual trunk (D) may be found in 
4% of cases, a linguofacial trunk (E) in 23% 
and a thyrolinguofacial trunk (F) in 0.6%. 
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350 Head and Neck 
Ventrolateral Regions of the 
Neck 


Sternocleidomastoid Region (A) 


The sternocleidomastoid region only 
becomes visible after removal of the 
sternocleidomastoid (1) and omohyoid 
(2) muscles. It joins the carotid triangle 
to the lateral region of the neck. When 
the sternocleidomastoid region is ex- 
posed, the large vessels and nerves 
which run through the neck can be 
seen. 


The largest artery, the common carotid 
artery (3), ascends obliquely. It divides 
into the external (4) and internal (5) 
carotid arteries. The level of the divi- 
sion and variations in its position are 
described on page 348. 


The arched inferior thyroid artery (6) 
running to the thyroid gland (7) is cov- 
ered by the common carotid artery. This 
artery arises from the thyrocervical 
trunk (8), which branches off the sub- 
clavian artery (9) just before it enters the 
scalene gap. The thyrocervical trunk 
also gives off the suprascapular artery 
(11), which crosses ventral to the 
scalenus anterior (10), the superficial 
cervical artery (12), which lies quite 
superficially, and the ascending cervi- 
cal artery. The vertebral artery (13) is 
the 1st ascending branch of the sub- 
clavian artery. After the subclavian ar- 
tery has entered the scalene gap, in 
about 60% of people it gives off the 
dorsal scapular artery (14), which runs 
behind the scalenus medius (15) and in 
front of the scalenus posterior (16), and 
may divide into ascending and de- 
scending branches. 


Dorsal to the common carotid artery the 
large internal jugular vein (17) is seen to 
descend, into which the facial (18) and 
middle thyroid (19) veins open. It joins 
the subclavian vein (20) to form the 
right brachiocephalic vein (21). The ex- 
ternal jugular vein (22), which joins the 
superficial cervical vein (23), and the 


suprascapular vein (24) also reach 


the right venous angle. 


Lymph vessels (25) from the right half of the 
head and neck and from the right upper limb 
and the right half of the thorax also run into 
the right venous angle. 


The deep cervical ansa (26), which in- 
nervates the infrahyoid muscles, lies on 
the common carotid artery (3). It is 
formed from asuperior root (27) which, 
at its origin, runs together with the 
hypoglossal nerve (28), and the inferior 
root (29). Dorsal to the internal jugular 
vein runs the phrenic nerve (30), which 
stems from the 4th cervical segment 
and uses the scalenus anterior as a 
guiding muscle. The vagus nerve (31), 
which gives off asuperior (32) and anin- 
ferior cervical cardiac branch (33), also 
forms part of the neurovascular bundle. 
The sympathetic trunk (34) with its 
superior cervical ganglion (35), the 
sometimes absent middle cervical 
ganglion (36) and inferior cervical 
ganglion are separated from the vagus 
nerve by the prevertebral layer of the 
cervical fascia. The inferior cervical 
ganglion is usually fused with the 1st 
thoracic ganglion, forming the stellate 
ganglion (37), which lies on the head of 
the 1st rib medial to the vertebral artery 
(13). The sympathetic trunk (34) forms 
the thyroid loop (38) around the inferior 
thyroid artery (6) and gives off the car- 
diac nerves (39). Deeply, the recurrent 
laryngeal nerve (40) lies on the trachea. 


Peripheral Pathways: Head and Neck 351 





A Sternocleidomastoid region 


352 Head and Neck 


Scalenovertebral Triangle (A) 


The margins of the: scalenovertebral 
triangle are the /Jongus colli (1), the 
scalenus anterior (2) and the cupula of 
the pleura. The prevertebral layer of the 
cervical fascia covers the triangle and 
its contents can be seen only after 
removal of the fascia. 


The subclavian artery (3) lies on the 
cupula of the pleura, from which con- 
nective tissue fiber bands (the costo- 
pleural ligament) run to the 1st rib. Its 
1st ascending branch is the vertebral 
artery (4), which crosses ventrally the 
roots of the brachial plexus from Th 1 (5) 
and C8 (6), to reach the vertebral col- 
umn at the transverse foramen of the 
6th cervical vertebra. Dorsal to the 
vertebral artery (4) runs the vertebral 
vein (7) which leaves the vertebral col- 
umn at the transverse foramen of the 
7th cervical vertebra. Adjacent to 
the vertebral artery, the thyrocervical 
trunk ascends (see p. 350), followed by 
the costocervical trunk (8), which gives 
off the deep cervical artery (9), the 
highest intercostal artery and, rarely, a 
dorsal scapular artery (10) of abnormal 
Origin. The internal thoracic artery (11) 
extends caudally running parasternally 
with the internal thoracic vein (12) to 
reach the sternocostal triangle. 
Ventrally, the subclavian artery and its 
branches on the left side are crossed by 
the thoracic duct (13), which forms a 
cranially convex arch. The thoracic 
duct opens into the /eft venous angle 
(14), which is formed by the junction of 
the internal jugular (15) and subclavian 
veins (16). 


The roots of the brachial plexus out of 
C5-C7 run deep down, while the sym- 
pathetic trunk (17) runs superficial to 
them. At the level of the 6th cervical 
vertebra, the sympathetic trunk often 
contains a middle cervical ganglion 
(18) Iying on the scalenus anterior (2). 
Caudal to the ganglion, the sympathetic 
trunk together with the superior cardiac 


nerve (19), form the ansa thyroidea (20), 
through which passes the _ inferior 
thyroid artery. The sympathetic trunk 
gives off the ansa subclavia (21), which 
winds around the subclavian artery (3). 
This ansa subclavia extends to the in- 
ferior cervical ganglion which fuses 
with the 1st thoracic ganglion to form 
the stellate (cervicothoracic) ganglion 
(22). The latter lies on the head of the 1st 
rib. The inferior cardiac nerve (23) 
arises from it. Medially, the recurrent 
laryngeal nerve (24) ascends to the 
larynx. It runs in a groove formed by the 
trachea (25) and the esophagus (26). 


27 Phrenic nerve, 

28 Left brachiocephalic vein, 

29 Scalenus medius, 

30 Scalenus posterior, 

31 Levator scapulae, 

32 Trapezius, 

33 Clavicular part of the pectoralis ma- 
jor. 
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A Scalenovertebral triangle 


354 Upper Limb 


Regions (A-C) 


Superficially, there is no clear demarca- 
tion between the free upper limb or its 
root and the thorax, but by dissection it 
is possible to separate the mainly mus- 
cular connection of the arm together 
with its root from the thorax. The free 
limb and its root must be considered to- 
gether for proper understanding of the 
topography of the peripheral neurovas- 
cular pathways. The following regional 
subdivisions are made for practical 
purposes and are not founded on de- 
velopment. 


Regions around the Shoulder 


Anteriorly there is the infraclavicular re- 
gion (1) with the de/topectoral triangle 
(2) through which the peripheral path- 
ways extend to. the arm, i.e.,the central 
part of the axilla (3) with the axillary 
fossa (4). Lateral to the shoulder joint 
is the deltoid region (5), onto the dorsal 
side of which adjoins the scapular region 


(6). 


Regions of the Arm 


The arm is divided into an anterior 
brachial region (7), the basic components 
of which are the flexor muscles, and a 
posterior brachial region (8) with the ex- 
tensors. The medial bicipital groove (9) 
lies in front of the medial intermuscular 
septum and is the main track for the 
vessels and nerves of the arm that run 
from the axilla to the cubital fossa. It is 
prominent within the anterior brachial 
region. 


Regions of the Elbow 


The anterior cubital region (10), the center 
of which is represented by the cubital 
fossa, adjoins the anterior brachial re- 
gion on the flexor side. Within the cubi- 
tal fossa the vascular and nerve bundles 
divide. The posterior cubital region (11), 
which lies dorsally, contains muscles 
and only smaller vascular networks. 


Regions of the Forearm 


The anterior antebrachial region (12) lies 
distal to the cubital fossa and contains 
the large vessels and nerves between 
the flexors. The dorsal part is formed by 
the posterior antebrachial region (13). 


Regions of the Hand 


In the wrist, there is the transition to the 
palm (14), which extends from the mid- 
carpal joint to the metacarpophalan- 
geal joints. The dorsum of the hand (15) 
has the same limits. Laterally, between 
the dorsum of the hand and the palm is 
the radial foveola (16) containing the 
radial artery. 
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356 Upper Limb 


Deltopectoral Triangle (A-B) 


The clavicle (1), the deltoid (2) and the 
pectoralis major (3) form the proximal, 
lateral and medial boundaries of the 
deltopectoral triangle. Distally,- it 
merges into the deltopectoral groove. 
Since the width of the base of the 
triangle is quite variable, it is possible to 
separate the clavicular part (4) of the 
pectoralis major from the clavicle and to 
reflect it downward. 


Superficial Compartment (A) 


Superficially, the pectoral fascia in the 
region of the triangle shows a slight de- 
pression. Between the clavicle (1), the 
coracoid process (B5) and the pec- 
toralis minor (B6), the clavipectoral fas- 
cia (7) stretches from the deep surface 
of the deltoid to the deep surface of the 
pectoralis major. This fascia divides the 
triangle into two compartments. 


In the superficial compartment the 
cephalic vein (8) reaches the triangle 
through the deltopectoral groove. It 
penetrates the clavipectoral fascia to 
end in the axillary vein (B9). The ce- 
phalic vein is joined by branches from 
the surrounding areas. Lateral to the 
cephalic vein, the thoracoacromial 
artery (B10), which stems from the 
axillary artery pierces the clavipectoral 
fascia (7). It divides into clavicular (11), 
acromial (12), deltoid (13) and pectoral 
(B14) branches. The pectoral nerves 
run together with the latter vessels and 
may penetrate the fascia clavipectoralis 
as a common trunk (15). 


Deep Compartment (B) 


The deep compartment contains the 
vessels and nerve bundles that supply 
the upper limb. Distal to the subclavius 
(16) from medial to lateral are the axil- 
lary vein (9), axillary artery (17) and 
three nerve cords, which are the infra- 
clavicular portion of the brachial plex- 
us. They are the superficially situated 
lateral cord (18), which may already 


have divided into its branches, the 
posterior cord (19) and the medial cord | 
(20). At the upper border of the pecto- 
ralis minor (6) the vessels and nerves 
lie more deeply. The suprascapular 
artery, vein and nerve (21) can be seen 
lying very deep in the lateral part. 


The superficial compartment some- 
times contains lymph nodes (not shown 
in the diagram). They drain lymph from 
the lymph vessels that run along the 
cephalic vein. They are in continuity 
with the deep infraclavicular nodes (not 
shown). 


Variants 


It is common to find a vein (22) looping su- 
perficially around the clavicle interconnect- 
ing the axillary vein with the subclavian vein, 
producing a venous ring. The cephalic vein 
may sometimes be poorly developed. 
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358 Upper Limb 


Axillary Region (A) 


The vessels and nerves to the upper 
limb run through the axilla. The bound- 
aries of the axilla are the pectoralis ma- 
jor (1) and pectoralis minor (2) an- 
teriorly and the J/atissimus dorsi (3) 
posteriorly. The thoracic wall with the 
serratus anterior (4) lie medially, and 
laterally there is the humerus with the 
short head of the biceps brachii (5) and 
the coracobrachialis (6). 


Most medial of all is the axillary vein (7) 
formed from the brachial veins. It runs 
centrally, receiving a larger number of 
small veins. It is joined in the deltopec- 
toral triangle (see p.356) by the 
cephalic vein (8). The axillary artery (9), 
which lies lateral to the vein, gives off 
the thoracoaomial artery (10) with its 
pectoral (11), acromial (12) and deltoid 
branches. A lateral thoracic artery (13) 
arises from the thoracoacromial artery 
in 10% of cases (see Fig.), or directly 
from the axillary artery. Another branch 
of the axillary artery, the subscapular 
artery (14), gives off the thoracodorsalis 
(15) and circumflex scapular arteries 
(16). The last branches of the axillary ar- 
tery are the anterior (17) and posterior 
circumflex humeral arteries (18). 


At the tendinous insertion of the latis- 
simus dorsi (3), the axillar artery con- 
tinues as the brachial artery (19) and 
gives off the profunda brachii artery (20) 
as its 1st branch. ; 


The three cords of the brachial plexus 
lie in the axillary region medial, lateral 
and posterior to the axillary artery, and 
there divide into various branches. The 
posterior cord gives off the axillary (21) 
and radial (22) nerves. Accompanied by 
the posterior circumflex humeral artery 
and vein (18), the axillary nerve (21) 
passes through the quadrangular space 
(see p. 360) toward the deltoid (23) and 
teres minor. The radial nerve (22) runsin 
the sulcus for the radial nerve accom- 
panied by the profunda brachii artery 
(20). The medial (24) and lateral cords 


(25) form the (often duplicated) median 
bifurcation, from which the median 
nerve (26) continues superficial to the 
axillary artery. The median nerve, ac- 
companied by the brachial artery, then 
enters the medial bicipital groove. 
Other branches of the medial cord, the 
ulnar nerve (27), the medial ante- 
brachial cutaneous nerve (28) and the 
medial brachial cutaneous nerve (29) 
also reach this groove. Branches of in- 
tercostal nerves 1-3 join the medial 
cutaneous brachial nerve as intercos- 
tobrachial nerves (30). 


The lateral cords give off, apart from the 
lateral root of the median nerve (here 
duplicated), the musculocutaneous 
nerve (31), which pierces the coraco- 
brachialis. 


On the wall of the thorax, the /ong 
thoracic nerve (32), arising from the su- 
praclavicular part of the brachial 
plexus, descends on the lateral surface 
of the serratus anterior and innervates 
it. The subscapular nerve (34) lies on 
thesubscapularis (33) and may give off 
the thoracodorsal nerve (35) to inner- 
vate the latissimus dorsi (3). 
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360 Upper limb 


Axillary Spaces (A-D) 


The slit-like opening between the teres 
minor (1) and teres major (2) and the 
humerus (8) is divided by the /ong head 
of the triceps brachii (4) into aquadrangu- 
lar space and a triangular space. 


Through the quadrangular space the axi/- 
lary (circumflex) nerve (5) reaches the 
dorsal side. This nerve supplies a 
branch (6) to the teres minor and then 
buries itself in the de/toid (7). It also in- 
nervates the upper lateral skin area via 
the superior lateral brachial cutaneous 
nerve (8). The axillary nerve is usually 
accompanied by the posterior circum- 
flex humeral artery (9), and the com- 
monly paired posterior circumflex 
humeral veins. The artery supplies the 
deltoid, the long head of the triceps 
brachii (4) and the /atera/ head of the 
triceps brachii (10). 


The circumflex scapular artery (11) runs 
through the triangular space to the dorsal 
surface of the scapula on which it anas- 
tomoses with the suprascapular artery. 
The artery is accompanied by the cir- 
cumflex scapular vein. Deeply a twig 
(12) from the subscapular nerve, which 
innervates the teres major (2) can be 
seen. It does not run through the trian- 
gular space. 


Variants (B—D) 


The posterior circumflex humeral artery (9), 
which usually (B) runs through the quadran- 
gular space, arises as one of the terminal 
branches of the axillary artery. It often has a 
common origin with the subscapular artery. 
Distal to the teres major tendon, the pro- 
funda brachii artery (13) arises as the 1st 
branch of the brachial artery (14). In about 
7% of cases, according to Lanz- 
Wachsmuth, the profunda brachii artery (13) 
arises (C) from the posterior humeral cir- 
cumflex artery (9). In these cases the pro- 
funda brachii artery runs distalward dorsal 
to the tendon of the teres major. In 16% of 
cases (D) the origin of the posterior circum- 
flex humeral artery (9) is from a typical pro- 
funda brachii artery (13), and in those cases 


the posterior circumflex humeral artery does 
not traverse the quadrangular space. 
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362 Upper Limb 


Anterior Brachial Region 


Superficial Layer (A) 

The coarse, firm brachial fascia (1) sur- 
rounds the muscles of the arm. On the 
medial and lateral side from the 
humerus, the intermuscular septum 
radiates into it (see p. 176) to form two 
compartments. The subcutaneous 
veins, nerves and lymph vessels run 
superficially to the brachial fascia. In in- 
flammatory conditions the lymph ves- 
sels may be seen through the skin as 
fine red lines. 


The cephalic vein (2) runs on the lateral 
border of the biceps brachii. It carries 
blood from the radial side of the hand 
and the forearm via the deltopectoral 
groove to the deltopectoral triangle (see 
p. 356). The veins are accompanied by 
the lateral superficial lymph vessels 
(not shown) which transport lymph 
from the two radial digits. 


The medial bicipital groove shapes the 
brachial fascia on the medial side of the 
biceps brachii, and in its distal half the 
usually well-developed basilic vein (3) 
runs subcutaneously. This vein pierces 
the brachial fascia at the basilic hiatus 
(4) and runs deep to become one of the 
veins accompanying the brachial artery. 
In the subcutaneous part of its course in 
the arm it is accompanied by the medial 
antebrachial cutaneous nerve and its 
branches; the anterior branch (5) runs 
lateral to the vein and closely adheres to 
it, while the u/nar branch (6) lies medial 
and a short distance away from it. 


Near the basilic hiatus, in about one 
third of cases, cubital (also called 
supratrochlear) lymph nodes (7) are 
found which act as the 1st filtration 
point for lymph from the three ulnar dig- 
its. The medial superficial lymph ves- 
sels run along the medial bicipital 
groove; they may accompany the basil- 
ic vein, or they may reach subcutane- 
ously to the axilla. They are usually 
more numerous and larger than those 
that accompany the cephalic vein. 


Branches of the medial brachial 
cutaneous nerve (8) innervate the skin 
from the axilla downward. In addition, 
they are joined by the intercosto- 
brachial nerves (9) from Th1 and Th3, 
which innervate a small cutaneous 
area on the inner surface of the arm. 


Variants 

The position of the basilic hiatus is very var- 
iable. It may lie immediately at the transition 
to the cubital region. The cephalic vein is 
sometimes absent. 
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364 Upper Limb 
Anterior Brachial Region 
(A-E) 


Medial Bicipital Groove (A-B) 


The medial bicipital groove is bounded 
on one side by thebiceps brachii ofthe 
arm (1) and on the other by the medial 
intermuscular septum (not shown) and 
the triceps brachii (2). It contains the 
blood vessels and nerves to the upper 
limb. The medial antebrachial cutane- 
ous nerve (3) is the most superficial 
structure, and its anterior branch lies on 
the basilic vein (4). Both leave the me- 
dial bicipital groove at the basilic hiatus, 
which may lie at various levels. The 
basilic vein may drain into the brachial 
veins (5), or it may only join the axillary 
vein in the axilla. Furthest medially runs 
the ulnar nerve (6), lying on the medial 
intermuscular septum. The median 
nerve (7) runs lateral to the basilic vein 
and crosses the brachial artery (8) from 
the lateral to the medial side. The 
brachial artery, which is the deepest 
structure throughout the entire length 
of the medial bicipital groove, gives offa 
series of branches. In addition to mus- 
cular branches (9), the brachial artery 
gives off the profunda brachii artery 
(10) in the proximal region of the medial 
bicipital groove. It accompanies the ra- 
dial nerve (11) in the sulcus for the 
radial nerve around the humerus and 
terminates as the radial collateral 
artery. Other branches of the brachial 
artery include the superior ulnar colla- 
teral artery (12), which accompanies 
the ulnar nerve (dorsal to it) and the in- 
ferior ulnar collateral artery (not 
visible). 


Variants (C—E) 


The relationship between the median nerve 
(7) and brachial artery (8) and its branches 
may be variable. Although, according to 
Lanz, the median nerve follows a typical 
course in 74% of cases, a superficial brach- 
ial artery (13), which arises from the brachial 
artery, may run superficial to the median 


nerve. In that case the brachial artery may 
be completely rudimentary (in 12% of cases 
according to Lanz), or it may divide into two 
arteries at variable levels (14%). The pro- 
funda brachii artery may arise together with 
the posterior circumflex humeral artery (see 
p. 360). 
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Arteries and nerves in 
medial bicipital groove 
(after Lanz-Wachsmuth) 


366 Upper Limb 


Cubital Fossa (A-G) 


Subcutaneous Layer (A) 


The anterior cubital region at the bend 
of the elbow is not sharply demarcated 
from the anterior brachial region and it 
is just as poorly demarcated from the 
forearm. Normally the term cubital re- 
gion refers to an area 2-3 fingers in 
breadth proximal and distal to the ar- 
ticular space. 


Subcutaneously there is a variable 
amount of well-developed fatty tissue 
containing veins, nerves, lymphatics 
and lymph nodes. The cutaneous veins 
of the subcutaneous layer are very im- 
portant clinically, as the elbow is the re- 
gion for intravenous injections and for 
taking blood sample etc. According to 
the development of the venous system, 
the course taken by the veins as well 
as their caliber, fluctuate widely. 


The basilic vein (1), which is commonly 
well-developed and easy to see beneath 
the skin, runs medially. It is usually 
continuous with the antebrachial 
basilic vein (2), but it may come from 
the middle antebrachial vein. Many 
other variants (B—G) are possible. In the 
region of thebasilic hiatus (3) the basilic 
vein becomes subfascial. It is accom- 
panied by branches of the medial ante- 
brachial cutaneous nerve (4). Often 
(33% of cases) there are lymph nodes 
near the basilic hiatus (see p. 362). The 
cephalic vein (5) runs along the lateral 
margin of the cubital fossa. It is always 
palpable but not always visible, and in 
many instances it is not as well de- 
veloped as the basilic vein. The cephalic 
vein in the distal part of the region ac- 
companies the lateral antebrachial 
cutaneous nerve (6), which is the termi- 
nal branch of the musculocutaneous 
nerve. A median cubital vein (7) nor- 
mally unites the basilic and cephalic 
veins. There is almost always a deep 
median cubital vein (8), which joins the 
superficial and deep veins. 


Variants (B—G) 


There are numerous variants of the sub- 
cutaneous veins. Thus, the cephalic vein (5) 
and the basilic vein may continue as a me- 
dian antebrachial vein. There is also a con- 
siderable range in size of the two main 
cutaneous veins. The median cubital vein 
may sometimes be absent (E). 


Practical Points 


Intravenous injections in the cephalic vein 
are less painful, as itis not closely related to 
any nerve. In some individuals, particularly 
those with poorly developed subcutaneous 
fatty tissue, the veins are easily displaced 
and are known Clinically as ‘“‘rolling veins”, 
as they have to be fixed during injection. 
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368 Upper Limb 
Cubital Fossa (A—D) 


Deep Layer (A) 

After removal of the fascia the muscles 
which border the cubital fossa become 
visible. From the proximal margin the 
biceps brachii (1) with its tendon runs 
toward the radial tuberosity, and with its 
bicipital aponeurosis (2) toward the an- 
tebrachial fascia. It partly covers the 
brachialis (3), which is inserted into the 
ulnar tuberosity. On the medial side, 
arising from the medial epicondyle, the 
pronator teres (4) and the superficial 
flexors of the hand run distally, and on 
the lateral side the fossa is bounded by 
the brachioradialis (5). 


The neurovascular bundle, which de- 
scends from the medial bicipital groove 
(see p. 364), splits up within the cubital 
fossa. The brachial artery, covered by 
the bicipital aponeurosis (2) gives off 
the radial artery. The radial artery (6) 
runs distally superficial to the flexors of 
the forearm. The recurrent radial artery 
(7), which ascends along the radial 
nerve, arises either from the brachial 
artery or from the 1st part of the radial 
artery. The brachial artery divides into 
the common interosseus artery and the 
ulnar artery in the distal part of the 
cubital fossa, where it is covered by 
the pronator teres (4). The individual 
arteries are accompanied by their cor- 
responding veins, often paired. In the 
cubital fossa the median nerve (8) 
leaves the brachial artery and runs dis- 
tally between the two heads of the pro- 
nator teres, which it also innervates. 
The u/nar nerve (9) leaves the medial 
bicipital groove before it reaches the 
cubital fossa and runs dorsal to the me- 
dial epicondyle. The radial nerve (10) 
becomes visible between the brachialis 
(3) and the brachioradialis (5) and di- 
vides into asmaller, sensory, superficial 
branch (11) and a larger, deep branch 
(12). The superficial branch supplies 
cutaneous fibers to the radial half of the 
dorsum of the hand, the thumb and the 


dorsal surface of the proximal phalan- 
ges of the 2nd and 3rd digits, while the 
deep branch, which penetrates the 
supinator (13), innervates this muscle 
and the extensors of the forearm. 


Variants (B—D) 


The median nerve usually (approx. 95%) 
runs between the two heads of the pronator 
teres (B). Occasionally it pierces the humeral 
head (14) of the pronator teres (barely 2%; 
C). In about 3% of cases, the median nerve 
lies directly on the bone and runs deep to 
the two heads of the pronator teres (D). In 
such cases a fracture of the proximal part of 
the radius and ulna may endanger the nerve. 
Variants of the brachial artery and its 
branches in this region have been reported, 
although infrequently, e. g.,the brachial ar- 
tery may run dorsal to the supracondylar 
process when present. 
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A Deep layer of cubital fossa 


B-D. Variation in relationship of median 
nerve to pronator teres 
(after Lanz-Wachsmuth) 


370 Upper Limb 


Anterior Antebrachial Region 
(A-B) 


Subcutaneous Layer (A) 


In the subcutaneous adipose tissue are the 
well-developed cutaneous veins, which, to 
be sure, are subject to great variations in 
their courses. The cutaneous arteries are 
small and unimportant. The cutaneous 
nerves run independently of the veins and 
are very constant both in location and size. 


On the radial side there is the cephalic 
antebrachial vein (1), which anas- 
tomoses (2) distally with the other veins 
of the forearm. Proximally it often gives 
off the median cubital vein (3), which 
sometimes may arise from the median 
antebrachial vein. The /ateral ante- 
brachial cutaneous nerve (4), the termi- 
nal branch of the musculocutaneous 
nerve, crosses beneath the cephalic 
vein in the cubital fossa. In the distal 
part of the forearm the superficial 
branch of the radial nerve (5) is lying 
in close proximity to the cephalic vein. 


On the medial side of the anterior ante- 
brachial region runs the antebrachial 
basilic vein (6), which is accompanied 
medially and laterally by the branches 
(7) of the medial antebrachial cutane- 
ous nerve. 


Subfascial Layer (B) 


After removal of the firm antebrachial 
fascia, which is strengthened proxi- 
mally and medially by the bicipital 
aponeurosis, the deep nerves and ves- 
sels can be seen. These vessels and 
nerves are essentially arranged into 
three bundles or tracts, the radial, 
middle and ulnar bundles. 


The radial vascular bundle, which consists 
of the radial artery (8) and its accom- 
panying veins (9), runs distally between 
the brachioradialis (10) and the flexor 
carpi radialis (11). In the proximal seg- 
ment it is accompanied by the superfi- 
cial branch of the radial nerve (12). The 


deep branch of the radial nerve (13) 
passes deeply through the cubital fossa 
to become buried in the supinator (14). 


The middle neurovascular bundle, which 
lies between the superficial and deep 
flexors, contains the median nerve (15), 
sometimes accompanied by a median 
artery (variant). The median nerve, as a 
rule, runs between the two heads of the 
pronator teres (16) and lies, in the re- 
gion of the wrist, radial to the tendons of 
theflexor digitorum superficialis (17). \n 
a deeper stratum of the middle tract, be- 
tween the deep flexors and the interos- 
seous membrane, lie the anterior in- 
terosseous artery and nerve, the latter 
being a branch of the median nerve. 


The ulnar neurovascular bundle lies in the 
middle and distal thirds of the forearm 
between the flexor digitorum super- 
ficialis (17) and the flexor carpi ulnaris 
(18). It consists of the u/nar nerve (19), 
theulnar artery (20) and its accompany- 
ing veins (21). After its origin from the 
brachial artery, the ulnar artery crosses 
deep to the median nerve (15), the 
pronator teres (16) and the common 
head of the superficial flexors. The 
flexor carpi ulnaris (18) serves as a guid- 
ing muscle for the ulnar nerve (19). 
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372 Upper Limb 


Wrist, Palmar Surface (A) 


The distal margin of the wrist is the 
flexor retinaculum. The proximal mar- 
gin is visible on the skin only as the 
proximal skin crease of the wrist. 


Proximal to the flexor retinaculum 
there are strong fiber strands in the 
antebrachial fascia (1), which also form 
a deep layer (2) and which are con- 
nected to the bones of the forearm. 
Superficially run the veins and nerves 
as described previously on page 370, as 
well as the tendon of the palmaris 
longus (3). Deeply, the most radial 
structure is the radial artery (5) and its 
accompanying veins lying on the 
pronator quadratus (4). On the ulnar 
side of the artery lies the tendon of the 
flexor carpi radialis (6) within its own 
synovial sheath, followed nect by the 
tendon sheath of the flexor pollicis lon- 
gus (7). Between this muscle and the 
common tendon sheath (8) for the 
flexor digitorum superficialis and the 
flexor digitorum profundus, the median 
nerve (9) runs toward the palm of the 
hand. 


The ulnar artery (10) with its accom- 
panying veins and the u/nar nerve (11) 
lie radial to the flexor carpi ulnaris (12) 
and run to the palm of the hand superfi- 
cial to the flexor retinaculum. 


Palm of the Hand 
Superficial Layer (B) 


The palm of the hand is subdivided into 
three regions: the eminence of the 
thumb (thenar region), the central com- 
partment and the eminence of the little 
finger (hypothenar region). The fascia 
encloses these lateral regions, while the 
central compartment is covered by the 
coarse, firm palmar aponeurosis (13). 
This represents the continuation of the 
palmaris longus (A, 3) and on its ulnar 
border it radiates into the rather variably 
developed palmaris brevis (14). The 
palmar aponeurosis is divided into /on- 


gitudinal (15) and transverse (16; see 
p. 174) fascicles. At the radial, ulnar and 
distal margins of the palmar apo- 
neurosis the common palmar digital ar- 
teries (17) and the nerves of the same 
name become subcutaneous. The ar- 
teries divide into the proper pa/mar digi- 
tal arteries (18), which, accompanied by 
the proper palmar digital nerves, ex- 
tend to the terminal phalanges of the 
digits. The proper palmar digital veins 
reach the superficial palmar venous 
arch, which lies superficially at the 
root of the digits. 


Practical Point 


The nerves at the sides of the digits can be 
anesthetized by the Oberst method of local 
injection. It is important to remember that 
the skin of the middle and terminal 
phalanges of the thumb, index and middle 
digits is innervated also on the dorsal sur- 
face by properpa/mar digital branches of the 
median nerve. 
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374 Upper Limb 
Palm of the Hand (A—H) 


Superficial Palmar Arch (A) 


After removal of the fascia and the pal- 
mar aponeurosis, the superficial palmar 
arch (1) and the muscles of the thenar 
and hypothenar eminences become vis- 
ible. The superficial palmar arch (A) is 
mainly formed by the u/nar artery (2), 
which runs superficial to the flexor re- 
tinaculum (3). It is connected with the 
palmar branch of the radial artery (4). 
The superficial palmar arch gives off the 
common palmar digital arteries (5), 
which run at first superficial to the ten- 
dons of the long flexors (6) and at the 
roots of the digits between the ten- 
dons. The ulnar artery, which gives off a 
deep branch (7), accompanies the u/nar 
nerve (8), which with its superficial 
branch (9) medial to the artery reaches 
the palm of the hand. The superficial 
branch of the ulnar nerve innervates the 
skin of the ulnar half of the palm of the 
hand and normally two and a half digits. 
It is often connected to the branches 
of the median nerve (11) by an anasto- 
motic branch (10). In the region of the 
flexor retinaculum (3), the deep branch 
(12) becomes separated from the ulnar 
nerve and penetrates deeply between 
the abductor digiti minimi (13) and the 
flexor digiti minimi brevis (14). 


Already in the carpal tunnel the median 
nerve has often divided into the com- 
mon palmar digital nerves (15). It gives 
off branches to the thenar muscles, ex- 
cluding the deep head of the flexor 
pollicis brevis and the adductor pollicis. 


Deep Palmar Arch (B) 


When the tendons of the flexors of the 
digits (6) are removed, the deep palmar 
arch (18) appears lying on the interossei 
and usually running (16) proximal to the 
transverse head (17) of the adductor 
pollicis. This arch is formed by the deep 
branch of the ulnar artery (7) and the ra- 
dial artery and gives off the palmar 


metacarpal arteries (19). It is accom- 
panied by the deep branch of the ulnar 
nerve (12). 


Variants (C—H) 


The superficial palmar arch may be very var- 
iably developed. The typical palmar arch (C) 
is present in only 27% of cases (Lanz- 
Wachsmuth). In the same proportion of sub- 
jects (27%) the arch is formed solely by the 
ulnar artery (D). In some cases the median 
artery is retained and may, either by anas- 
tomosing with the ulnar artery, or without 
the formation of the arch (E), together with 
the ulnar artery, give off the arteries for the 
digits. Sometimes (6%) not all the digital ar- 
teries arise from a superficial palmar arch, 
which is formed only by the ulnar artery (F). 


A superficial palmar arch may be completely 
absent and then the arteries of the digits are 
given off by the radial artery as well as by the 
ulnar artery (4.5%, G) or, (12%) the arteries 
of the digits arise from the deep palmar arch 
and the ulnar artery (H). 
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376 Upper Limb 


Dorsum of the Hand (A-B) 


Subcutaneous Layer (A) 


The proximal boundary of the dorsum 
ofthe hand is the extensor retinaculum 
(1), a part of the fascia which is 
strengthened by a large number of 
transverse fibers. 


Subcutaneously the veins coming from 


the digits (usually two joined by anas- — 


tomoses) are continued in the dorsal 
metacarpal veins (2) of which three are 
usually particularly well developed. The 
largest are the dorsal metacarpal veins 
at the root of the 4th digit which, after 
combining, run as the accessory ce- 
phalic vein (= v. salvatella, 3) to the 
forearm. The dorsal metacarpal vein 
of the 5th digit (4) represents the begin- 
ning of the basilic vein, while the 1st 
dorsal metacarpal vein is called the 
cephalic vein of the thumb (5). A large 
number of anastomoses interconnect 
all the veins to form the venous network 
of the dorsum of the hand (6). On the ul- 
nar side, covered by veins, runs thedor- 
sal branch of the ulnar nerve (7), while 
radially the terminal parts of the super- 
ficial branch of the radial nerve (8) are 
found. 


Subfascial Layer (B) 


After removal of the fascia, the extensor 
tendons and the branches of the radial 
artery (9) become visible. In the region 
of the radial foveola, the radial artery 
gives off the dorsal carpal branch (10) 
and runs between the heads of the 7st 
dorsal interosseous (11) into the palm of 
the hand. The dorsal carpal branch 
gives off the dorsal metacarpal arteries 
(12), which again divide into the dorsal 
digital arteries (13). 

Radial Foveola (C) 
(“Anatomical Snuffbox’’) 

The triangular radial foveola is limited 


dorsally by the tendon of the extensor 
pollicis longus (14) and on the palmar 


side by the tendon of the extensor pol- 
licis brevis (15) and the tendon of the 
abductor pollicis longus (16). The 
scaphoid and trapezium bones form the 
floor. Proximally the extensor re- 
tinaculum (1) completes the depres- 
sion. It contains the tendons of the ex- 
tensor carpi radialis longus (17), the ex- 
tensor carpi radialis brevis (18) and the 
radial artery (9). In the foveola, the radial 
artery gives off its dorsal carpal branch 
(10). The branches of the superficial 
part (8) of the radial nerve cross the 
radial foveola superficially. 
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378 Lower Limb 


Regions (A-B) 


As in the upper limb, the boundaries be- 
tween the regions of the lower limb are 
somewhat arbitrary and have been 
drawn from a practical viewpoint. 


Regions around the Hip 


Anteriorly the regions around the hip 
joint also represent subdivisions of the 
thigh. We distinguish a subinguinal re- 
gion (1), which is bounded by the ingui- 
nal ligament, the sartorius and pec- 
tineus muscles as part of the large 
femoral triangle. The femoral triangle 
(2) extends further distally and is limited 
by the inguinal ligament, the sartorius 
and the adductor longus. Dorsally there 
is the gluteal region (3), which almost cor- 
responds to the region of the gluteus 
maximus. 


Regions of the Thigh 


The anterior region of the thigh (4) adjoins 
the femoral triangle. It extends distally 
to the region of the knee and laterally to 
the tensor fasciae latae. Dorsally, the 
posterior region of the thigh (5) lies next to 
the gluteal region and ends above the 
popliteal fossa. 


Regions of the Knee 


In front, the anterior region of the knee (6) 
extends from the lower margin of the 
anterior thigh region to the tibial 
tuberosity. The posterior region of the knee 
(7) lies dorsally. The middle part of this 
region is also called the popliteal fossa. 


Regions of the Leg 


The anterior region of the leg (8) extends 
from the tibial tuberosity to the malleoli. 
Medially this region, at the part of the 
tibia palpable through the skin, con- 
tinues into the posterior region of the leg 
(9), which has its proximal and distal 
borders at the same level as those of the 
anterior region. Behind the medial mal- 
leolus lies the medial retromalleolar re- 


gion, and behind the lateral malleolus 
lies the lateral retromalleolar region (10). 


Regions of the Foot 


The calcaneal region (11) lies dorsal to the 
retromalleolar regions. Anteriorly and 
superiorly is the dorsum of the foot (12), 
and inferiorly the sole of the foot (13). 
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380 Lower Limb 


Subinguinal Region 


Subcutaneous Layer (A-B) 


\ 


The abundant subcutaneous fatty tis- 
sue is divided by dense connective tis- 
sue lamellae (1) into two layers. The 
connective tissue lamellae, which were 
formerly known as the _ superficial 
femoral fascia or Scarpa’s fascia, partly 
cover the subcutaneous vessels and 
nerves and extend below the saphe- 
nous hiatus. Only after removal of all 
the subcutaneous fatty tissue and con- 
nective tissue lamellae the fascia lata 
(2) can be seen. Most of the fascia 
lata is generally of an aponeurotic 
character, except in the region of the 
saphenous opening, where there is a 
looser, reticular structure, called the 
cribriform fascia 3; see p. 242). 


The subcutaneous veins, which reach 
this region in a stellate pattern, pierce 
the cribriform fascia. The largest and 
the most regularly occurring vessel is 
the great saphenous vein (4). It runs 
from the thigh to the cribriform fascia 
(3). Often a /ateral accessory saphe- 
nous vein (5) accompanies it. The su- 
perficial external pudendal veins (6) run 
from the pubic region and the superfi- 
cial epigastric vein (7) runs from the 
umbilical region of the abdomen to the 
cribriform fascia. The superficial cir- 
cumflex iliac vein (8) runs parallel to 
the inguinal ligament. The junction of 
all these veins is very variable and will 
be discussed on page 382. Smaller 
arteries, the external pudendal artery 
(9), the superficial epigastric artery (10) 
and the superficial circumflex iliac 
artery (11) accompany the veins of the 
same names. 


The superficial inguinal lymph nodes, 
which may be divided into two groups, 
lie on the cribriform fascia. The hori- 
zontal limb on proximal set (12) lies 
parallel to the inguinal ligament, and 
the vertical limb or distal set (13), par- 
allels the great saphenous vein. The 


cutaneous nerves in this region stem 
from the femoral branch (14) of the 
genitofemoral nerve. Above the in- 
guinal ligament, in the inguinal region 
in the male, the spermatic cord (15) runs 
with the ilioinguinal nerve (16) into the 
scrotum. The skin lateral to the crib- 


_riform fascia is innervated by the an- 


terior cutaneous branches of the 
femoral nerve. 
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382 Lower Limb 


Saphenous Hiatus (A-R) 


The saphenous hiatus, delineated by the 
falciform margin (1) with its superior (2) 
andinferior (3) cornua, becomes visible 
after removal of the cribriform fascia. 
Within the opening lie medially the 
deep inguinal lymph nodes (4), next to 
them the femoral vein (5) and most lat- 
erally the femoral artery (6). Lateral to 
the saphenous hiatus, the femoral 
branch (7) of the genitofemoral nerve 
becomes subcutaneous. Still further 
laterally, the anterior cutaneous 
branches (8) of the femoral nerve perfo- 
rate the fascia lata. 


According to Lanz-Wachsmuth, in the 
region of the saphenous opening in 
37% of cases the following veins open 
into the femoral vein (A): the great 
saphenous vein (9), the lateral acces- 
sory saphenous vein (10), the super- 
ficial circumflex iliac vein (11), the 
superficial epigastric vein (12) and one 
or more superficial external pudendal 
veins (13). Therefore, the so-called 
“venous star” shows many variations, 
which are shown in the various detailed 
diagrams. 


Variants (B—R) 
Lateral Accessory Saphenous Vein (B-E) 


In 1% of cases this vein may join the 
femoral vein proximal to the hiatus (B). 
In 9% of cases there is acommon junc- 
tion with a trunk consisting of the su- 
perficial circumflex iliac vein and the 
superficial epigastric vein (C). In the 
same proportion there is a common 
terminal of the lateral accessory sa- 
phenous vein and the superficial cir- 
cumflex iliac vein (D). Rarely, the lateral 
actessory saphenous vein and the 
superficial epigastric vein (E) join at 
their termination. 


The great saphenous vein (F—G) may re- 
ceive a medial accessory saphenous 
vein (14). Either it perforates the fascia 
(F) distal to the saphenous hiatus (in 


1%), or it reaches the femoral vein (G) in 
the saphenous hiatus. 


In 1% of cases the superficial external 
pudendal veins (H—I) join a medial ac- 
cessory saphenous vein (H), while in 2% 
of cases they combine with the super- 
ficial epigastric vein (I). 


The position of the superficial epigastric 
vein (J—N) is particularly variable. It may 
join with the superficial external pu- 
dendal vein before the great saphenous 
vein (J). Sometimes (1%) it opens 
proximal to the saphenous hiatus into 
the femoral vein (K). In 9% of cases it 
may form a common trunk with the su- 
perficial circumflex iliac vein and this 
opens into the lateral accessory sa- 
phenous vein (L), which reaches the 
great saphenous vein in the saphenous 
hiatus. Sometimes the superficial epi- 
gastric and the superficial circum- 
flex iliac veins join the superficial exter- 
nal pudendal vein and the lateral acces- 
sory saphenous vein to form a com- 
mon trunk, which joins the great 
saphenous vein within the saphenous 
opening (M). In 6% of cases, the super- 
ficial epigastric vein runs into the super- 
ficial circumflex iliac vein and this trunk 
opens directly into the femoral vein (N). 


As has already been described, in 9% of 
cases the superficial circumflex iliac vein 
(O—R) may open with the superficial 
epigastric vein and the lateral acces- 
sory saphenous vein into the saphe- 
nous vein (O), and in a further 9% the 
lateral accessory saphenous vein also 
opens into it (P). Sometimes the super- 
ficial circumflex iliac vein opens into 
the great saphenous vein together with 
the superficial epigastric vein (R). 


The variants described above represent a. 
summary of the author's many observations, 
as well as those of Lanz-Wachsmuth. 
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384 Lower Limb 
Gluteal Region (A-B) 


After removal of the skin and the very 
fatty subcutaneous tissue, the g/utea/ 
fascia (1) becomes visible. The skin is 
innervated by the cluneal nerves and by 
a branch (2) of the iliohypogastric 
nerve. The superior part is innervated 
by the superior cluneal nerves (3). 
These are the dorsal branches of the 
spinal nerves of the three lumbar seg- 
ments. The middle part of the skin of the 
gluteal region is supplied by the middle 
cluneal nerves (4). These are the dorsal 
branches of the three sacral spinal 
nerves. The inferior cluneal nerves (5), 
which stem directly or indirectly from 
the sacral plexus, are looped around 
the lower margin of the gluteus maxi- 
mus. Their origin is indirect in so far as 
they may be branches of either the in- 
ferior gluteal nerve, the pudendal nerve 
or the posterior cutaneous femoral 
nerve. 


Subfascial Layer (B) 


After removal of the gluteal fascia, the 
gluteus maximus (6) and the ischio- 
crural group of muscles below its lower 
border become visible. These include 
the muscles arising from the ischial 
tuberosity, the adductor magnus (7), 
the semimembranosus (8) and 
semitendinosus (9) and the/ong head of 
the biceps femoris (10). Lateral to the 
latter muscle and crossing it superfi- 
cially, runs the posterior femoral 
cutaneous nerve (11). Deeper down the 
sciatic nerve (12) runs distally. The sci- 
atic nerve may be found relatively easily 
if a line is drawn from the ischial tuber- 
osity to the greater trochanter and 
divided into thirds. By extending the 
junction of the medial and middle thirds 
to the lower border of the gluteus maxi- 
mus, the sciatic nerve may be seen. 
Lateral to the sciatic nerve, the 7st per- 
forating artery (13) with its accompany- 
ing veins descends to cross the adduc- 
tor minimus (14) obliquely. 
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386 Lower Limb 


Gluteal Region (A-C) 


Deep Layer (A) 


After the gluteus maximus (1) has been 
divided, the vessels and nerves which 
traverse the suprapiriform and in- 
frapiriform foramina come into view. 


The two foramina are formed by the 
piriformis (2), which subdivides the 
greater sciatic foramen. The superior 
gluteal artery and vein (3) and the 
superior gluteal nerve (4) pass through 
the suprapiriform foramen laterally. The ar- 
tery sends a branch (5), accompanied 
by a vein, to the gluteus maximus (1), 
and then, together with a vein and the 
nerve, it runs between the gluteus 
medius (6) and the g/uteus minimus (7). 
The superior gluteal nerve innervates 
the gluteus medius and minimus and 
the tensor fasciae latae. The inferior 
gluteal artery and vein (8) and the in- 
ferior gluteal nerve (9) run through the 
infrapiriform foramen to the gluteus max- 
imus (1). The internal pudendal artery 
and vein (10) and the pudendal nerve 
(11) arch posterior to the ischial spine 
and reach the ischiorectal fossa 
through the lesser sciatic foramen. 
They run dorsal to the superior gemel- 
lus (12) and then adhere to the obturator 
internus (13). The posterior femoral 
cutaneous nerve (14) and the sciatic 
nerve (15) leave the lesser pelvis 
through the infrapiriform foramen and 
reach the thigh by passing dorsal to the 
superior gemellus (12), the obturator in- 
ternus (13), the inferior gemellus (16) 
and the quadratus femoris (17). 


1) en uns upar 1 nerve 
(14) psheibipaeowens ee an 





Practical Points 


The gluteal region is an ideal site for in- 
tramuscular injections. Intragluteal injec- 
tions are usually given into the superolateral 
quadrant (cross hatched in blue) of the 





gluteal region (B), into the gluteus maximus 
(1) or the gluteus medius (6). There is, how- 
ever, danger of injecting too superficially, 
i.e., subcutaneously, or too deeply between 
the gluteus maximus and the gluteus medius 
into the intermuscular fat, thus endangering 
the superior gluteal nerve (4). A. v. Hochstet- 
ter has recommended injecting from the 
side (C) ina triangular field (cross hatched in 
red), behind the anterior superior iliac spine, 
into the gluteus medius and gluteus 
minimus. 


20 Sacrotuberous ligament, 
21 Trochanteric bursa of gluteus max- 
imus. 
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388 Lower Limb 


Anterior Femoral Region 
Subcutaneous Layer (A) 


The various areas of the subcutaneous 
layer of the anterior thigh region differ 
in their structure. The proximal part, in 
the subinguinal region, has strong con- 
nective tissue lamellae (see p. 380), 
which divide the subcutaneous fatty tis- 
sue into two layers. In addition, the 
saphenous hiatus (1) is covered by a 
loose connective tissue layer, the crib- 
riform fascia. The fascia /ata (2), which 
is complete but for the saphenous 
hiatus, is also variable in structure. In 
the lateral thigh it is taut and kept 
stretched by the tensor faciae latae 
which radiates into it. This part of the 
fascia is also called the iliotibial tract 
(3). The fascia is looser in the medial 
part of the thigh. 


The great saphenous vein (4) runs sub- 
cutaneously and is often joined by the 
lateral accessory saphenous vein (5) 
and less often by the medial accessory 
saphenous vein (6). The other veins 
which enter the saphenous hiatus have 
already been described on page 382. 


Laterally, near the junction between the 
proximal and middle thirds, the lateral 
femoral cutaneous nerve (7) becomes 
epifascial, while the anterior cutaneous 
branches of the femoral nerve (8) perfo- 
rate the fascia at various levels. The 
femoral branch (9) of the genitofemoral 
nerve either runs through the saphe- 
nous hiatus or lateral to it through the 
fascia lata. A small area of skin on the 
medial upper side of the thigh is inner- 
vated by the ilioinguinal nerve (10). 


11 Superficial inguinal lymph nodes, 

12 Deep inguinal lymph nodes, 

13, Femoral vein, 

14 Femoral artery, 

15 Superficial epigastric artery and 
vein, 

16 Superficial circumflex iliac artery 
and vein, 

17 Superficial external pudendal artery 
and vein. 
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390 Lower Limb 
Anterior Femoral Region 
(A-H) 


Deep Layer (A) \ 


The large vessels and nerves are seen 
after removal of the fascia lata. Within 
the femoral triangle, which is limited by 
the inguinal ligament, the sartorius (1) 
and the adductor longus (2), lymphat- 
ics, the femoral vein (3) and the femoral 
artery (4) reach the thigh through the 
vascular compartment, and the femoral 
nerve (5) and the iliopsoas (6) through 
the muscular compartment. 


After having. given off its superficial 
branches (see p. 380), the femoral artery 
(4) gives rise to muscular branches, and 
a particularly large one, the profunda 
femoris artery (7), is buried deeply in the 
muscles. In 58% of cases the profunda 
femoris artery gives off the medial cir- 
cumflex femoral artery (8) to the adduc- 
tors and the head of the femur, and the 
lateral circumflex femoral artery (9), 
which sends an ascending branch (10) 
to the head of the femur and adescend- 
ing branch (11) to the quadriceps 
femoris (12). The profunda femoris ar- 
tery usually ends in three perforating 
arteries (13) which reach the adductor 
muscles and the dorsal muscles of the 
thigh. Medial to the femoral artery, the 
femoral vein (3) enters the vascular 
compartment. It collects, in addition 
to the subcutaneous veins (see p. 382), 
the veins which accompany the ar- 
teries. 


The femoral nerve (5) passes through 
the muscular compartment into the 
thigh and, after giving off the anterior 
femoral cutaneous branches, it inner- 
vates the sartorius (1), the quadriceps 
femoris (12) and the pectineus (14). Its 
longest, purely sensory branch is the 
saphenous nerve (15), which runs lat- 
eral to and together with the femoral ar- 
tery (4) and femoral vein to reach the ad- 
ductor canal. These structures lie on the 
adductor longus (2), which takes part in 


forming the vastoadductor membrane, 
and the posterior wall of the adductor 
canal. Apart from the adductor longus, 
the vastus medialis (16), the adductor 
magnus (17) and the vastoadductor 
membrane (18) are involved in forma- 
tion of the adductor canal. The saphe- 
nous nerve usually (62%) perforates 
this membrane together with the des- 
cending genicular artery (19) to extend 
onto and innervate the medial surface 
of the leg. It gives off an infrapatellar 
branch (20). 


Variants (B—H) 


There is great variability in the origin of the 
saphenous nerve (15) from the femoral nerve 
and its course in the thigh (Sirang). Very of- 
ten it arises from the femoral nerve (5, B) 
proximal to the lateral circumflex femoral ar- 
tery. It may embrace the lateral circumflex 
femoral artery (C) with two roots. Somewhat 
less commonly it only arises from the 
femoral nerve after crossing the lateral cir- 
cumflex femoral artery (D, E). It reaches the 
adductor canal, perforates the vastoadduc- 
tor membrane (18) and may give off its in- 
frapatellar branch, either lateral (B, C) or 
medial (D) to or through the sartorius (E). In 
rare instances (E) the infrapatellar branch 
also receives fibers from the superficial 
branch of the obturator nerve (21). 

The branches from the femoral artery (4) are 
also very variable. Most commonly (58% ac- 
cording to Lippert) the medial (8) and lateral 
(9) circumflex femoral arteries arise from the 
profunda femoris artery (F, 7). In 18% of 
cases (according to Lippert, G) the lateral 
circumflex femoral artery (9) arises from the 
profunda femoris artery (7), while, according 
to the same author, the medial circumflex 
femoral artery (8) arises from the profunda 
femoris artery (7) in only 15% of cases (H). 
The remaining 8% are distributed among 
much rarer variants. 
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392 Lower Limb 


Posterior Femoral Region 
(A-B) 


After removal of the fascia, leaving the 
iliotibial tract (1) intact, at the lower 
margin of the gluteus maximus (2) the 
subfascial part of the posterior femoral 
cutaneous nerve (3) becomes visible as 
it runs superficial to the/ong head of the 
biceps femoris (4). 


Between the/ong head (4) and the short 
head (5) of the biceps femoris, the sci-_ 
atic nerve (6) runs distally. At variable 
levels it divides into the tibial (7) and the 
common peroneal nerves (8). Before 
this division, the sciatic nerve gives off 
another branch (9) to the biceps 
femoris. The tibial nerve runs between 
the heads of the gastrocnemius (10) giv- 
ing off various branches (see p. 396). 
The common peroneal né nerve follows 
the posterior ‚margin of the biceps 
femoris (11). A perforating artery (12), 
with its accompanying veins, crosses 
the sciatic nerve ventrally (but dorsal to 
the adductor minimus and the adductor 
magnus) and gives off branches to the 
long head of the biceps femoris (4) and 
the semitendinosus (13). 


After displacement of the semimem- 
branosus (14) the adductor hiatus (15) 
comes into view. The addcutor hiatus 
(B) is bounded by the two parts of the 
adductor magnus (16). One part is in- 
serted into the medial lip of the linea 
aspera and the other into the adductor 
tubercle of the medial epicondyle. The 
femoral artery, which runs through the 
adductor canal, passes through the ad- 
ductor hiatus to reach the popliteal 
fossa and becomes the popliteal! artery 
(17) on the dorsal side of the thigh. In 
addition to muscular branches, it also 
gives off the medial and lateral superior 
genicular arteries. The popliteal artery 
is generally accompanied by the usually 
paired popliteal veins (18). 


Peripheral Pathways: Lower Limb 393 





Gen. 
= 
= 


= 


SLE 
FE 






LL 
= 
7 


ZZ 


ZS 


LZ 


Au WWW 


A Posterior femoral region 


I 
I In 6 
Ra 
N 8 


16 17 15 








B Adductor hiatus 











394 Lower Limb 


Popliteal Fossa (A-K) 


Subcutaneous Layer (A) 


The great saphenous vein (1) lies in the 
subcutaneous layer at the medial mar- 
gin ofthe popliteal fossa. In the leg it is 
accompanied by the saphenous nerve 
(2), which becomes subcutaneous at 
the lower margin of the popliteal fossa. 
The small saphenous vein (3) some- 
times (see below) perforates the fascia 
at the lower margin of the popliteal fos- 
sa. Itis accompanied by the medial sural 
cutaneous nerve (4) which is continued 
as the sural nerve (see p. 400). In addi- 
tion, the posterior femoral cutaneous 
nerve with its branches (5) terminates in 
the popliteal fossa. 


Variation in the Course of the Small 
Saphenous Vein (B—E) 


The small saphenous vein, which is very 
important in phlebology, runs a variable 
course in relation to the crural fascia. 
According to Moosmann and Hartwell 
the small saphenous vein (3) perforates 
-the crural fascia in the distal third of the 
leg in 7% of cases (B), runs subfascially 
to the popliteal fossa and then turns 
deep to join the popliteal vein (6). Most 
commonly (51,5%) the small saphe- 
nous vein (3) perforates the fascia in 
the middle third of the leg (C). 


The second most common site (32.5%) 
for the small saphenous vein (3) to per- 
forate the fascia is in the proximal third 
(D). It only perforates the fascia within 
the popliteal fossa (E) in 9% of cases. 


Variation in the Site of Union of the 
Small Saphenous Vein with a Larger 
Vein (F—K) 


Mercier et al. also reported great varia- 
bility in the manner in which the small 
saphenous vein (3) opens into the larger 
veins. In addition to its typical opening 
(F) into the popliteal vein (6), the small 
saphenous vein may also give off a 
branch to the great saphenous. vein (1, 


G). In the presence of this branch, the 
small saphenous vein (3) may also open 
directly into the femoral vein (7, H). 
Further variants include either an open- 
ing solely into the great saphenous vein 
(1) or into the femoral vein (J), in which 
the latter union also may be delta- 
shaped (K). 
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396 Lower Limb 


Popliteal Fossa (A-G) 


Deep Layer (A) 


After removal ofthe fasciathe rhomboi- 
dal popliteal fossa bounded by muscles 
is seen. The popliteal fossa is bounded 
medially and proximally by the semi- 
membranosus (1), laterally and proxi- 
mally by the biceps femoris (2) and 
distally by the /atera/ (3) and the medial 
(4) heads of the gastrocnemius. The 
sciatic nerve and its branches can 





„The common per oneal. nerve 
(5) descends superficially along the 
posterior border of the biceps femoris, 
while the 2nd branch, the tibial nerve 
(6), extends distally between the two 
heads of the gastrocnemius. The tibial 
nerve gives off muscular branches (7) 
and amedial sural cutaneous nerve (8), 
which, together with the communicat- 
ing peroneal branch, forms the sural 
nerve (see p. 400). Deep i in the popliteal 
fossa we find the popliteal artery (10) 
accompanied by the popliteal veins (9). 
At a variable level (see below) this artery 
gives off the anterior tibial artery (11). 
The small saphenous vein usually 
reaches the popliteal vein but, as in the 
preparation illustrated, it may not open 
into a larger vein until it is proximal to 
the popliteal fossa. 


Variants of the Arterial Branches 
(B-G) 


In 90% of cases (B) the popliteal artery 
(10) gives off as its 1st branch the an- 
terior tibial artery (11) dorsal to the 
popliteus (12), and it only divides more 
distally into the posterior tibial (13) and 
peroneal (14) arteries. In about 4% of 
cases (C) the arteries arise together. Itis 
unusual (1%) for the anterior tibial ar- 
tery and the peroneal artery (anterior 
peroneotibial trunk; 15) to originate to- 
gether at the distal edge of the popliteus 
(D). 


In 3% of cases the popliteal artery (10) 
gives off the anterior tibial artery just 
proximal to the popliteus (E, see also 
Fig. A). 

In 1% of individuals the anterior tibial 
artery (11) arises at the same high 
level with the presence of an anterior 
peroneotibial trunk (F, 15), or, another 
variant, the course of the anterior tibial 
artery (11) runs ventral to the popliteus 
(12, G). 
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398 Lower Limb 


Anterior Region of the Leg 
(A-B) 


The subcutaneous neurovascular bun- 
dles run essentially on the medial side 
ofthe leg. Thegreat saphenous vein (1) 
collects blood from the medial side and 
the dorsum of the foot and ascends to 
the triceps surae with the saphenous 
nerve (2). This nerve innervates the skin 
on the medial surface of the leg as far as 
the medial margin of the foot, and with 
its infrapatellar branch (3) it innervates 
the skin of the infrapatellar region. After 
removal of the fascia of the leg in the 
lateral area, the tibialis anterior (4) and 
the extensor digitorum longus (5) be- 
come visible and between them the ex- 
tensor hallucis longus (6). Laterally the 
peroneus longus (7) and the peroneus 
brevis (8) may also be seen. Thessuper- 


ficial petanaabnania (9) sunscisiall ie 
ween the extensor gigtters m longus (5) 


all 


lesandbranches ~ 
on the dorsum of the foot. It perforates 
the fascia in the distal half of the leg. 
Deep between the tendons of the tibialis . 
anterior (4) and the extensor hallucis © 
longus (6) runs the anterior tibialartery - 
(10) with .its-accompanying veins and 
the deep peroneal nerve (11), which 
along with its motor fibers also carries 
sensory fibers from the area of skin be- 
tween the 1st and 2nd digits. 


12 Peroneus tertius. 
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400 Lower Limb 


Posterior Region of the Leg 
(A-D) 


Of the larger structures, only veins and 
nerves are visible subcutaneously. The 
region is supplied with blood deeply 
through branches of the posterior tibial 
artery. The appearance is not funda- 
mentally altered by removal of the fascia 
ofthe leg, although the triceps surae (1) 
does become visible with the two heads 
of the gastrocnemius (2) and the soleus 
(3). The triceps surae is attached to the 
calcaneus by the ca/caneal tendon (4). 


The saphenous nerve (5) and the great 
saphenous vein (6) are visible medially. 
The largest structure is the small 
saphenous vein (7), which begins at the 
lateral margin of the foot and ascends) 
toward the popliteal fossa (its relation- 
ship to the fascia is described on page 
394). 


The medial cutaneous sural nerve (8) is 
accompanied by the small “saphenous 
vein and usually perforates the fascia in 
the middle of the leg. It joins the 


peroneal communicating branch (9) to. 


form the sural nerve (10), which inner- 
vates the skin of the posterior region of 
the leg..With its continuation, the /at- 
eral dorsal cutaneous nerve (11), it in- 
nervates the lateral margin of the dor-, 
sum of the foot, and with the/ateral cal- 
caneal branches (12) it innervates the 
lateral calcaneal area. Medial calcaneal 
branches (13) arise directly from the tib- 
ial nerve and innervate the skin in the 
medial region of the calcaneal area. 
Immediately posterior to the head of the 
fibula, the common peroneal nerve (14) 
descends, and it is always in danger of 
injury because of its superficial posi- 
tion. Deep i in the posterior region of the 
leg, covered by the soleus (3), run the 
posterior tibial artery (15) and the 
peroneal artery (16). The posterior tibial 
artery is the continuation of the pop- 
liteal artery (17) after it has given off 
the anterior tibial artery (18). 


Variants (B—D) 


As at other sites, the arteries show a number 
of variants, knowledge of which is important 
for clinical purposes (e.g. arteriography, li- 
gations etc.). As a rule (B) the posterior tibial 
artery (15) descends on the posterior surface 
of the tibia, reaches the medial retromalleo- 
lar region (see p. 402) and divides into the 
plantar arteries. The peroneal artery (16) de- 
scends near the fibula, giving off aperforat- 
ing branch (19) which pierces the interosse- 
ous membrane and ends in the region of the 
lateral malleolus. Sometimes (C) the 
phylogenetically older peroneal artery (16) 
may replace a poorly developed posterior 
tibial artery (15). In rare cases (D), the pos- 
terior tibial artery is completely absent and 
the peroneal artery (16) takes over the blood 
supply for the entire region usually supplied 
by this artery. 
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402 Lower Limb 
Medial Retromalleolar Region 
(A-B) 


The medial retromalleolar region in- 
cludes the area between the medial 
malleolus and the calcaneal tendon. Itis 
limited distally by the flexor retinaculum 
(laciniate ligament), which consists of a 
superficial and adeep layer (see below). 
The superficial layer (1) is a thickening 
of the fascia of the leg (2). It extends 
from the medial malleolus to the poste- 
rior surface of the calcaneal tendon and 
the tuber calcanei. Neither proximally 
nor distally is it clearly demarcated. 


Subcutaneous Layer (A) 


This layer contains veins, cutaneous 
nerves and small cutaneous arteries 
(not illustrated). The great saphenous 
vein (3) runs near the malleolus and is 
readily visible through the thin skin. It 
receives blood from the cutaneous ve- 
nous network and from deep veins (4). 
The saphenous nerve (5) branches in 
this region to supply sensory innerva- 
tion to the skin. 


Subfascial Layer (B) 


After removal of the fascia of the leg, the 
neurovascular bundle and the long 
muscles of the sole to the foot can be 
seen proximal to the flexor retinaculum. 
Also visible is the deep layer (6) of the 
flexor retinaculum, which extends from 
the medial malleolus to the calcaneus 
and provides the osteofibrous canal for 
the long muscles of the foot. 


Immediately behind the medial mal- 
leolus runs the tendon of the tibialis 
posterior (7) and adjacent to it the ten- 
don of the flexor digitorum longus (8). 
Thé tendon of the flexor hallucis longus 
(9) lies deeper and is displaced some- 
what backward by the medial tubercle 
of the posterior process of the talus. All 
three muscles have their own tendon 
sheaths (see p. 267), which are not illus- 
trated here. 


Between the superficial (1) and deep (6) 
layers runs the neurovascular bundle 
for the sole of the foot. Adjacent to the 
tendon of the flexor digitorum longus 
(8) runs the posterior upiel Brey (10) 
with its accompanying post 

veins 1s (11). Posterior to these ies 
the tibial -Postrotctheee anode 


vides between the. two layers. into: its 





terminal branches, the medial and lat- 
eral plantar nerves. 


Sometimes this division may occur 
proximal to the flexor retinaculum and 
then the medial plantar nerve lies im- 
mediately posterior to the flexor di- 
gitorum longus. 


Practical Points 


The loose, highly mobile skin here permits 
tissue fluid to accumulate, and edema may 
occur. Finger pressure will then produce 
lasting indentations (“pitting”), which indi- 
cate fluid retention in the body. The pulse of 
the posterior tibial artery may also be felt in 
this region. 
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404 Lower Limb 


Dorsum of the Foot (A-G) 


Subcutaneous Layer (A) 


A dense network of veins, the venous 
network of the dorsum of the foot (1), 
forms a dorsal venous arcade (2) in the 
region of the metatarsal bones. Into 
these superficial veins not only the su- 
perficial dorsal metatarsal veins (3) 
open, but also deep veins, the perforat- 
ing veins (4) and the intercapitular veins 
(5). The blood is drained mainly through 
the great saphenous vein (6) and only a 
smaller proportion travels via the /ateral 
malleolar network (7) to the small 
saphenous vein. 


Small branches only from the deep ar- 
teries reach the subcutaneous layer, 
and the 7st dorsal metatarsal artery (8), 
which has a variable origin (see below), 
is the only one that is visible. 


The medial dorsal cutaneous nerve (9) 
innervates the skin on the medial side of 
the dorsum of the foot, in many cases 
supplemented by the saphenous nerve 
(10), which innervates the medial mar- 
gin of the foot. Sometimes the saphe- 
nous nerve (10) ends in the region of the 
medial malleolus. Only the adjacent re- 
gions of the skin of the 1st and 2nd dig 
its are innervated by the deep peroneal 
nerve (11), which may anastomose with 
branches of the medial dorsal cuta- 
neous nerve (12). The intermediate dor- 
sal cutaneous nerve (13) supplies the 
lateral half of the skin of the dorsum of 
the foot, supplemented at its lateral 
margin by the final branch of the sural 
nerve, the /ateral dorsal cutaneous 
nerve (14). 


Subfascial Layer (B) 


After removal of the fascia and retention 
of the inferior extensor retinaculum, the 
dorsalis pedis artery (15) becomes visi- 
ble. It runs onto the dorsum of the foot, 
accompanied by the deep peroneal 
nerve (11). With the tendon of the tibialis 
anterior (16) passing beneath the me- 


dial ends of the inferior extensor re- 
tinaculum, the dorsalis pedis artery and 
accompanying veins and nerve lie be- 
tween the tendons of the extensor hal- 
lucis longus (17) and the extensor di- 
gitorum longus (18). The dorsalis pedis 
artery gives off the/ateral tarsal artery in 
the region of the retinaculum and forms 
an arcuate artery (19) from which arise 
the dorsal metatarsal arteries (20). 
These give origin not only to the dorsal 
digital arteries (21), but also to the per- 
forating branches to the sole of the foot, 
of which the deep plantar branch (22) to 
the 1st interosseous space is particu- 
larly important. The dorsalis pedis ar- 
tery is accompanied by veins which 
communicate with the superficial veins. 


Practical Points 


The pulse is palpable in the dorsalis pedis ar- 
tery lateral to the tendon of the extensor hal- 
lucis longus. The loose subcutaneous tissue 
on the dorsum of the foot becomes filled 
with fluid if there is a disturbance of the cir- 
culation, thus producing edema. 


Variants of the Arteries (C—G) 


The dorsal metatarsal arteries, and therefore 
also the arcuate artery, are very variable. 
Only in 20% of cases (C) do the dorsal 
metatarsal arteries arise from the dorsalis 
pedis artery while in 6% (D) the 4th meta- 
tarsal artery is supplied by a perforating 
branch from the sole of the foot in 40% (E) 
only the ist metatarsal artery originates 
from the dorsalis pedis artery, and the re- 
mainder of the dorsal metatarsal arteries 
stem from plantar arteries. In 10 % (F) all the 
dorsal metatarsal arteries come from the 
sole of the foot, and in 5% of cases (G) the 
1st dorsal metatarsal artery alone arises 
from a plantar artery. ; 
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C-G Variants of arteries of dorsum of foot (after Lippert) 
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406 Lower Limb 
Sole of the Foot (A) 


Superficial Layer (A) 


With the exception of the margins of the 
foot, the plantar aponeurosis (1) covers 
the deep structures of the sole, includ- 
ing the principal trunks of the 
peripheral pathways. As the skin of the 
sole of the foot has a particularly rich 
blood supply, there are a large number 
of plantar cutaneous arteries (2) and 
plantar cutaneous veins (3). In the cal- 
caneal region, the arteries form a net- 
work, the rete calcaneum, which is sup- 
plied by branches from the posterior 
tibial and peroneal arteries. Additional 
branches stem from the medial plantar 
and the/ateral plantar arteries. The me- 
dial plantar artery gives off asuperficial 
branch (4), which becomes visible at the 
medial margin of the plantar apo- 
neurosis, accompanied by the Tst 
proper plantar digital nerve (5). Lateral 
to the aponeurosis there is often a sub- 
cutaneousbranch (6) of the lateral plan- 
tar artery accompanied by the proper 
plantar digital nerve (7) for innervation 
of the outer margin of the little digit. 


Between the longitudinal bundles of the 
aponeurosis (1), the common plantar 
digital arteries (8) and the common 
plantar digital nerves (9) are becoming 
sucutaneous. The common plantar 
digital arteries, which divide into proper 
plantar digital arteries (10), usually rep- 
resent continuation of the plantar 
metatarsal arteries (see p. 408), but 
may (very uncommonly) arise from a 
“superticial’’ plantar arch. Often the 
superficial branch (4) of the medial 
plantar artery can take over the blood 
supply to the medial side of the great 
digit as the 7st proper plantar digital 
artery (11). The common plantar digital 
nerves (9) divide subcutaneously into 
the proper digital nerves (12). 
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408 Lower Limb 


Sole of Foot (A-G) 
Deep Layer (A) 


After removal of the plantar aponeu- 
rosis and the flexor digitorum brevis 
(1), the medial and lateral neuro- 
vascular bundles of the sole of the foot 
are revealed. Medially, Iying next to 
the abductor hallucis (2), the medial 
plantar artery (3), its accompanying 
veins and the medial plantar nerve (4) 
reach the sole of the foot. The medial 
plantar artery (3), which may run lateral 
(more frequently) or medial (less fre- 
quently) to the nerve, divides into a su- 
perficial branch (5), which runs super- 
ficially to the flexor hallucis brevis (6), 
and a deep branch. The superficial 
branch may (uncommonly) continue as 
the 7st proper plantar digital artery (7), 
accompanied by the 7st proper plantar 
digital nerve (8), which may have di- 
vided proximally from the medial plan- 
tar nerve (4). The medial plantar nerve 
divides in sequence into the 1st, 2nd 
and 3rd common plantar digital nerves 
(9), which give off branches to the lum- 
bricals. The 1st to 3rd common plantar 
digital nerves continue as the proper 
planar digital nerves (11). Sometimes, 
the proper plantar digital nerve (12) to 
the lateral side of the 4th digit may stem 
from the medial plantar nerve. Usually, 
this regions is innervated by branches 
of the /ateral plantar nerve (13). 


The lateral neurovascular bundle, 
which extends toward the digits medial 
to the abductor digiti minimi (14), con- 
sists (from medial to lateral) of the lat- 
eral plantar nerve (13) and the /atera/ 
plantar artery (15) and its accompany- 
ing veins (16). The lateral plantar artery 
divides into a superficial (17) and 
a deep (18) branch. The superficial 
branch supplies the lateral Margin of 
the foot and the little digit, while the 
deep branch takes part in formation of 
the plantar arch (19). Three to four 
plantar metatarsal arteries (20), which 
usually give off common plantar digital 


arteries (21), arise from the arch and 
divide into the proper plantar digital 
arteries (22). The plantar arch (“‘deep’’, if 
there is also a superficial plantar arch) 
runs deeply, closely adhering to the in- 
terossei, and anastomoses with the 
deep plantar branch of the dorsalis 
pedis artery (see p. 404). The lateral 
plantar nerve (13) gives off muscular 
branches to the muscles which arise 
from the calcaneus, and also cutaneous 
branches to the lateral margin of the 
foot. It divides into asuperficial (23) and 
a deep (24) branch. The superficial 
branch innervates via muscular 
branches the flexor digiti minimi Bre- 
vis (25) and the 4th /umbricalis (26), 
as well as areas of skin above them. The 
skin of the little digit and usually the 
lateral surface of the 4th digit are inner- 
vated by the common plantar digital 
nerves (27), which divide into proper 
plantar digital nerves (28). The deep 
branch (24) accompanies the plantar 
arch and innervates the adductor hal- 
lucis longus (29) and the opponens di- 
giti minimi as well as the 2nd, 3rd and 
4th interossei. 


Variants of the Plantar Arch (B-G) 


In 27% of cases (B) the four plantar 
metatarsal arteries are supplied by the deep 
plantar branch (30) of the dorsalis pedis ar- 
tery, while in 26% (C) the plantar arch (19) is 
formed entirely by the deep plantar branch. 
In 19% (D), the 4th plantar metatarsal ar- 
tery arises from the deep branch (18) of the 
lateral plantar artery, and in 13% (E) the 3rd 
plantar metatarsal artery does so as well, 
while the others stem from the deep plantar 
branch (30). In only 7% of cases (F) do all the 
plantar metatarsal arteries arise froma plan- 
tar arch (19), which is formed entirely from 
the deep branch (18) of the lateral plantar 
artery. In 6% (G) the 2nd to 4th plantar meta- 
tarsal arteries arise from a plantar arch (19) 
and the 1st plantar metatarsal artery arises 
from the deep plantar branch (30). 
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A 
Abdominal wall 84 ff 
fasciae of the abdominal wall 90 
Abduction 
in the joints of the hand 
radial 128, 168 
at the hip joint 190 
within the shoulder girdle and joint 112, 144 
of the thumb 172 
“Achilles’ tendon’’ 250 
Acoustic meatus, internal 286 
Adduction 
in the joints of the hand 
ulnar 128, 168 
at the hip joint 190 
within the shoulder girdle and joint 112, 144 
of the thumb 172 
Amphiarthrosis 28 
“Anatomical snuffbox” (radial foveola) 376 
Angle 
of excursion of a joint 24 
infrasternal 70 
neck-shaft angle 184, 186 
venous 346 
“ Ankle joint (talocrural joint) 210 
Ankylosys 22 
Anteflexion 
at the hip joint 232 
Anteversion 
at the hip joint 190, 232 
within the shoulder girdle and joint 112, 
144 ff 
subclavia 352 
Anteversion 
within the shoulder joint 146 
Aponeurosis 
bicipital 150 
dorsal 256 
palmar 372 
plantar 216, 258, 406 
Arcade, 
psoas arcade 100 
quadratus arcade 100 
venous, dorsal 404 
Arch 
iliopectineal 98, 180 
lumbocostal 
lateral 100 
medial 100 
palmar 
deep 374 
superficial 374 
variants 374 
plantar 216, 408 
superficial 406 


variants 408 
sagittal 214 
tendinous 264 
transverse 214 

Artery 

alveolar 

inferior 328 

superior posterior 328 
axillary 132, 356 
brachial 132, 364 

arteria profunda brachii 364 
carotid 

common 348 

external 322, 338, 348 ff 

internal 322, 348 ff 
cervical superficial 350 
dorsal of the hand 376 
dorsalis pedis 404 

variants 404 
facial 322, 326 

transverse 326, 338 
femoral 98, 390 ; 

arteria profunda femoris 390 

variability 390 
gluteal, inferior 386 
humeral, circumflex, posterior 360 

variants 360 
lacrimal 330 
maxillary 328, 338 
meningeal, middle 328 
opthalmic 330 
peroneal 400 

variants 400 
pharyngeal, ascending 334 
plantar 

lateral 408 

medial 408 
popliteal 392, 396 
radial 370 
scapular, dorsal 346 
subclavian 352 
supraorbital 324 
suprascapular 350 
supratrochlear 324 
temporal, superficial 326, 338 
thyroid 

inferior 342 

variants 342 

superior 342 
tibial 

anterior 396 ff 

posterior 400 ff 

variants 400 
vertebral 76, 332 
Articulation 


atlanto-axial 60 
atlanto-occipital 60 
Atlas 36 ff 
Axilla 148 
Axis 36 ff 


B 
“Ball-and-socket joint’ (spheroidal joint) 28 
Bicipital groove, medial 364 
Bone (os) 
apical 300 
bregmatic 300 
capitate 120ff, 128 
os centrale 120 
Os coccyx 48 
cuboid 204 ff 
epipteric 300 
ethmoid 282 
frontal 272, 282 
hamate 120 ff, 128 ff 
hip 178 ff 
hyoid 290 
Inca bone 276, 300 
incarian 300 
lunate 120ff, 128 ff 
navicular 204 ff 
occipital 272 
palatine 280 
parietal 272 
pisiform 120 ff, 128 
scaphoid 120ff, 128 
temporal 280 
trapezium 120 ff, 128 
trapezoid 120 ff, 128 
os tribasilare 282 
os trigonum 204 
triquetrum 120 ff, 128 
zygomatic 280 
Bones (ossa) 
carpal 120 
cuneiform 204 ff 
of the digits 
of the foot 208 
of the hand 124 
epactal 300 
flat 20 
of the foot 204 ff 
function 214 
morphology 214 
lamellar 14 
long 20 
metacarpal 124 
metatarsal 208 
pneumatic 20 
sesamoid 
of the foot 208 
of the hand 124 
short 20 
suprasternal 66 
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sutural 300 
Bones, general 
development 16 
joints between bones 
continuous 22 
discontinuous 24ff - 
“Bow leg” (genu varum) 202 
Branch 
cervical, of the facial nerve 326 
infrapatellar 398 
peroneal, communicating 400 
Buccal fat pad 326 
Bursa 
anserina (tibial intertendinous bursa) 238 
bicipitoradial 150 
Brodie’s bursa 198 
of the calcaneal tendon 250 
of the coracobrachial muscle 112 
iliopectineal 222 
infrapatellar, deep 198 
intertendinous, tibial 238 
ischial, of the obturator internus muscle 226 
prepatellar 198 
of the semimembranosus muscle 198 
subcoracoid 112 
subcutanea olecrani 152 
subdeltoid 134 
subtendinea m. tricipitis brachii 152 
subtendinous 
of the gastrocnemius muscle 
of the lateral head 198 
of the medial head 198 
of the infraspinatus muscle 134 
of the latissimus dorsi muscle 136 
of the subscapular muscle 112, 
of the teres major muscle 136 
suprapatellar 196 ff 
trochanteric 224 
of the gluteus medius muscle 224 


Cc 
Calcaneal spur 204 
Calcaneus 204 
Canal 
adductor canal 230, 390 
carotid 286 
femoral 96 
hypoglossal 286 
incisive 286 
inguinal 90, 94 ff 
obturator canal 180 
optic 286 
for the vertebral artery 38 
Carotid body 348 
sinus 348 
Carpal tunnel 120 
Carpus 
bones 122 
joints 
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midcarpal 126 ff 
radiocarpal 126 ff 

movements 128 ff 
accessory 130 
extension 130 
flexion 130 \ 
marginal 128 
abduction, radial 128 
adduction, ulnar 128 
deviation 128 
palmar surface 372 
Cartilage 12 
costal 64 
elastic 12 
fibrous 10ff 
hyaline 12 
epiphysial disk 12, 16 
Cavity 
nasal 294 
orbital 292 
Cell 4 ff 
cytoplasm 4 
hyaloplasm 4 
nucleus 6 
paraplasm 4 

Chondrocranium 268 

“Chopart’s joint line’ 210 

Chorda tympani 328 

Chromatin, sex 6 

Circumduction 190 

at the hip joint 190 
within the shoulder girdle and joint 112, 144 

Clavicle 108 

“Clubfoot” (pes varus) 218 

Compartment 

muscular 98, 390 
vascular 98, 390 

Conchae nasales 294 

Coniotomy 342 

Conjugate 

anatomical 182 

diagonal 182 

external 182 

median 182 

obstetric 182 

straight 182 

true 182 
Connection, intertendinous 162 
“Cooper's ligament’ 

(pectineal ligament) 98 
Cord 

lateral 356 

media] 356 

posterior 356 
Coxa 

valga 186 

vara 186 
Cranium 268 ff 
Cribriform Plate 286 


“Crossed skull’? 298 
Crura of the levator ani 104 


D 
Desmocranium 268 
Deviation 
in the joints of the hand 128 
Diameter 
oblique | 182 
oblique II 182 
transverse 182 
Diaphragm 100 ff 
pelvic 104 
urogenital 104 
Diarthroses (synovial joints) 24 
Digits 
of the foot 204, 208 
joints 212 
of the hand 124 
joints 130 
Distance 
intercristal 182 
interspinous 182 
intertrochanteric 182 
Dorsiflexion 
in the joints of the foot 210, 254 
in the joints of the hand 130, 168 
at the hip joint 232 
“Drawer phenomenon” 200 
Dysostosis, cleidocranial 108 


E 
Electromyography 32 
Elevation 
within the shoulder girdle and joint 144 
Eminences 
frontal 270 
parietal 270 
Epithelium 
ciliated 6 ff 
transitional 8 
Extension 166 
at the elbow joint 166 
of the forearm 166 
in the joints of the hand 130 
at the hip joint 232 
at the knee joint 200, 240 


F 
Fascia 
abdominal, superficial 84, 90 
antebrachial 176 
axillary 148 
brachial 176 
cervical 316 
deep (prevertebral) layer 316, 346 
middle (pretracheal) layer 316, 340 
superficial layer 316, 340 
clavipectoral 148, 356 


cremasteric 94ff 
cribriform 242 
crural 264 
deep 264 
of the dorsum of the foot 264 
gluteal 384 
of the hip 242 
iliac 90 ff, 242 
lata 242, 380, 388 
of the leg 264 
of the upper limb 176 ff 
of the neck 316 
nuchal 78 
pectineal 242 
pectoral 88, 148 
spermatic 
external 90, 94 
internal 90, 96 
of the thigh 242 
thoracolumbar 78 
transversalis 88, 94 ff 
umbilical 90 
Fat pad, buccal 326 
Femur 184 ff 
ossification 184 
Fibula 194 
“Fist clencher’ 160 
Fissure 
orbital 
superior 286 
inferior 292 
petrotypmpanic 286 
spheno-petrosal 280 
sternal, congenital 66 
“Flatfoot’ (pes planus) 218 
Flexion 
at the elbow joint 166 
in the joints of the foot 166 
of the forearm 166 
plantar 210, 254 
in the joints of the hand 
palmar 130, 168 
at the hip joint 190, 232 
at the knee joint 200, 240 
Fontanelle 
anterior 270 
mastoid 270 
posterior 270 
sphenoidal 270 
Foot shapes 218 
Foramen 
infrapiriform 386 
~ intervertebral 40 
jugular 286 
magnum 286 
mastoid 276 
obturator 178 
ovale 286 
palatine 
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greater 286 

lesser 286 
parietal 276 
sacral 

anterior 46 

posterior 46 
sciatic 

greater 180, 386 

lesser 180 
rotundum 286 
spinosum 286 
stylomastoid 286 
suprapiriform 386 
supratrochlear 110 
for the vena cava 100 

Fossa 

cubital 366 ff 
infratemporal 328 
inguinal 

lateral 96 

medial 96 
popliteal 394 ff 

variants of the arterial branches 396 
retromandibular 338 
supravesical 96 

Foveola, radial (“anatomical snuffbox’’) 376 


G 
Galea aponeurotica 304 
Ganglion 
ciliary 330 
cervical 
middle 350 
superior 334 
stellate 350 ff 
submandibular 336 
Genu 
valgum (‘'knock-knee’') 202 
rectum 202 
varum (‘‘bowleg’’) 202 
Ginglymus (‘hinge joint’) 28 
Gland 
parotid 326 
submandibular 336 
thyroid 342 
Groove, bicipital, medial 28 


H 
Hernia 94 ff 
acquired 98 
congenital 98 
diaphragmatic 102 
epigastric 94 
femoral 98 
inguinal 
direct 98 
indirect 98 
supravesical 98 
umbilical 94 
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Hiatus 
aortic 100 
basilic 362 
variants 362 
esophageal 100ff 
genital 104 \ 
hiatus hernia 102 
for the greater petrosal nerve 282, 286 
saphenus 242, 382, 388 
“hiatus sling’ 100 
tendineus 230, 392 
“Hinge joint’ (Ginglymus) 28 
Horner’s muscle (lacrimal part) 306 
Humerus 110 
Hydrocephalus 296 
Hypothenar 
muscles 174 


I 
lliotibial tract 224, 242, 388, 392 
“Inca bone’’ 276, 300 
Inguinal 
falx 90 
ring 
deep 96 
superficial 84, 94 
Injection 
intragluteal 386 
Intertendinous connection 162 


J 
Joints 
elbow joint 116 ff 
humeroradial 118 
humeroulnar 118 
ligaments 116 
movements 116 ff 
radioulnar 
distal 118 
proximal 118 
of the foot 210 ff 
interphalangeal 212 
ligaments 214 
metatarsophalangeal 212 
movements 212 
subtalar 212 
talocrural (“ankle joint’) 210 
talocalcaneonavicular 212 
of the hand 126 ff 
carpometacarpal 130 
of the thumb 130 
digital 130 
intermetacarpal 130 
ligaments 126, 130 
metacarpophalangeal 130 
midcarpal 126 
radiocarpal (“wrist joint’’) 126 
movements 128ff 
hip joint 188 ff 


ligaments 188 ff 
movements 190 
knee joint 196 ff 
attitude of the lower limb 202 
ligaments 196 ff 
menisci 198 
movements 200 
of the ribs 68 
costovertebral 68 
costotransverse 68 
interchondral 68 
sternocostal 68 
sacroiliac articulation 180 
ligaments 180 
shoulder joint 112 
dislocation 112 
movements 112 
temporomandibular joint 302 
ligaments 302 
movements 302 
tibiofibular joint 202 
ligaments 202 
of the vertebral column 58 ff 
articulation 
atlanto-axial 60 
atlanto-occipital 60 
sacrococcygeal 58 
uncovertebral 58 
zygapophyseal 58 
Joints between bones 22 ff 
continuous 
cartilaginous (synchondrosis) 22 
fibrous (syndesmosis) 22 
synostosis 22 
discontinuous (synovial joints) 24 ff 
angle of excursion 24 
articular disks (menisci articulares) 26 
lips 26 
surfaces (bodies) 24 
joint capsule 24 
cavity 26 
ligaments 26 
mid-position 24 
synovial fluid 24 ff 
synovial membrane 24 
synovial pockets 26 
types 
according to the number of articular 
surfaces 28 
compound 28 
simple 28 
according to the shape of the articular 
surface 28 
ellipsoidal 28 
ginglymus (“hinge joint”) 28 
plane 28 
sellar (‘‘saddle joint”) 28 
spheroidal (“ball-and-socket joint”) 28 
trochoid (‘‘pivot joint'') 28 


K 
“Knock-knee (Genu valgum) 202 


L 
Lacrimal part (Horner’s muscle) 306 
sac 324 
Levator ani, crura of the 104 
Ligament(s) 
acetabular, transverse 180, 188 
alar 60 
annular 118 
of the radius 116 
apical, of the dens 60 
arcuate 
lateral 100 
medial 100 
median 100 
of the atlas, transverse 60 
calcaneocuboid, plantar 216 
calcaneonavicular, plantar 216 
carpal, radiate 126 
carpometacarpal 
dorsal 126 
palmar 126 
collateral, carpal 
radial 126 
ulnar 126 
lateral 1% 
medial 116 
radial 116 
ulnar 116 
conoid 108 
coracoacromial 106 
coracoclavicular 108 
costal 
intra-articular 68 
superficial radiate 68 
of the costal tubercle 68 
costoclavicular 108 
costotransverse 68 
cricothyroid 342 
cruciate 
anterior 198 
posterior 198 
cruciform, of the atlas 60 
deltoid 210 
flava 56, 60 
glenohumeral 112 
of the head of the femur 188 ff 
of the hip joint 188 ff 
extracapsular 188 
intracapsular 188 
iliofemoral 188 ff 
iliolumbar 180 
inguinal 84, 90, 94, 98, 180 
reflected 94 ff 
intercarpal 
dorsal 126 
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interosseous 126 
palmar 126 
interclavicular 108 
interfoveolar 90, 96 
interspinal 56 
intertransverse 56 
ischiofemoral 190 
laciniate 402 
lacunar 98, 180 
longitudinal 
anterior 56 
posterior 56 
lumbocostal 68 
metacarpal 
dorsal 126 
interosseous 126 
palmar 126 
nuchae 56, 60, 78 
patellar 196 
pectineal (‘‘Cooper’s ligament’) 98 
of the penis 90 
fundiform 90 
suspensory 90 
perineal, transverse 104 
pisohamate 122, 126 
pisometacarpal 126 
plantar 
long 216 
short 216 
popliteal 
arcuate 196 
oblique 196 
pubofemoral 188 ff 
quadrate 116 
radiocarpal 
dorsal 126 
palmar 126 
sacrospinous 180 
sacrotuberous 180 
scapular, transverse, superior 106 
sphenomandibular 302 
spring ligament 212 
sternocostal 
intra-articular 68 
radiate 68 
stylomandibular 302 
supraspinal 56, 60 
of the tarsus 214 
tibiofibular 
anterior 202 
posterior 202 
trapezoid 108 
ulnocarpal, palmar 126 
of the wrist 126 
Linea 
alba 84, 88, 94 
arcuata 86 ff 
“Lisfranc’s joint line” 210 
“Lordotic crack” 58, 62 
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M 
Mandible 278, 288 ff 
ossification 290 
shape 290 
Maxilla 274 
Meatus, acoustic, internal 286 
Membrane 
atlanto-occipital 
anterior 60 
posterior 60 
interosseous 118, 202 
obturatoria 180 
sterni 68 
tectorial 60 
thyrohyoid 340 
vastoadductor 230, 390 
Metacarpus 
bones 124 ff 
muscles 170 ff 
Metaphysis 16 | 
Metatarsus 204 
bones 208 
Microcephalus 296 


abductor 
digiti minimi 
of the foot 260 
of the hand 174 
hallucis 258 
pollicis 
brevis 172 
longus 114, 128, 164 
adductor 
brevis 228, 234 
hallucis 260, 408 
longus 230 
magnus 230, 392 
minimus 230 
pollicis 172 
anconeus 132, 152 
biceps 
brachii 132, 144, 150 
femoris 220, 238 
brachialis 132, 150 
brachioradialis 160 
buccinator 308 
coccygeus 104 
coracobractialis 132, 138 
corrugator supercilii 306 
cremaster 86, 90 
deltoid 132 ff, 144 ff 
depressor 
anguli oris 308 
labii inferioris 308 
supercilii 306 
epicranius 304 
erector spinae 72 ff 
extensor 
carpi 


radialis 
brevis 160 
longus 114, 128, 160 
ulnaris 128, 162 
digitorum 
\ of the forearm 162 
brevis of the foot 256 
longus of the foot 244 ff 
hallucis 
accessorius 246 
brevis 256 
longus 244 ff 
indicis 114, 164 
pollicis 
brevis 114, 164 
longus 114, 164, 376 
flexor 
carpi 
radialis 128, 156 
ulnaris 128, 156 
digiti minimi 260 
brevis 174 
digitorum 
brevis 262 
longus 244, 252, 402 
profundus 158 
superficialis 156 
hallucis 
brevis 258 
longus 244, 252, 402 
pollicis 
brevis 172 
longus 158 
gastrocnemius 248 ff 
gemellus 
inferior 226 
superior 226 
gluteus 
maximus 224, 384 
medius 224 
minimus 224 
gracilis 228 
iliacus 92, 222 
iliocostalis 72 
iliopsoas 92, 98, 222 
infraspinatus 132 ff 
interossei 
of the foot 
dorsal 262 
plantar 262 
of the hand 
dorsal 170 
plantar 170 
interspinales 74 
intertransversarii 
cervicis 
anterior 78 
posterior 74 
lumborum 


lateral 78 
medial 74 
latissimus dorsi 84, 132 ff, 146 ff 
levator 308 
anguli oris 308 
ani 
iliococcygeus 104 
pubococcygeus 104 
puborectalis 104 
prerectal fibers 104 
labii superioris 308 
alaeque nasi 306 
scapulae 140 
levatores costarum 70, 78 
longissimus 72 
longus 
capitis 80 
colli 80 
lumbricales 
of the foot 262 
of the hand 170 
masseter 310 
mentalis 308 
multifidus 74 
nasalis 306 
obliquus 
abdominal 
external 84, 88, 94 ff 
internal 78, 86 ff, 96 
capitis 
inferior 76 
superior 76 
of the eye 
inferior 324 
superior 324 
obturator 
externus 226 
internus 226 
occipitofrontalis 304 
omohyoid 132, 142, 312 
opponens 
digiti minimi 
of the foot 260 
of the hand 174 
pollicis 172 
orbicularis 
oculi 306 
oris 308 
palmaris 
brevis 174, 372 
longus 156 
pectineus 228 
pectoralis 
major 132, 138, 148 
minor 132, 138 
peroneus 
brevis 244, 248 
longus 244, 248 
quartus 248 
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tertius 244 ff 
piriformis 224 ff 
plantaris 244, 250 
popliteus 220, 252 
procerus 306 
pronator id 
quadratus 158 
teres 156 
psoas 
major 92, 100, 222 
minor 92, 222 
pterygoid, 
lateral 310 
medial 310 
pyramidalis 88 
quadratus 
femoris 220, 224 ff 
lumborum 92, 100 
plantae 262 
quadriceps femoris 220, 236 
rectus 
abdominis 88 
capitis 
anterior 80 
lateralis 78 
posterior 
major 76 
minor 76 
femoris 236 
rhomboideus 
major 132, 140 
minor 132, 140 
risorius 308 
rotatores 74 
sartorius 220, 236 
scalenus 
anterior 80 
medius 80 
minimus 80 
posterior 80 
semimembranosus 220, 238 
semispinalis 74 
semitendineus 220, 238 
serratus 
anterior 84, 132, 140, 144, 148 
posterior 
inferior 78 
superior 78 
spinalis 74 
splenius 
capitis 72, 78 
cervicis 72, 78 
sternocleidomastoid 132, 142, 314 
sternohyoid 312 
sternothyroid 312 
subclavius 132, 142 
subcostal 70 
subscapularis 132, 136 
supinator 164 


426 Index 


supraspinatus 132ff, 144 
tarsal 324 
temporalis 310 
temporoparietalis 304 
tensor fasciae latae 224 
teres 
major 132, 136, 146 ff 
minor 132 ff, 148 
thyrohyoid 312 
tibialis 
anterior 244 ff 
posterior 244, 252, 402 
transversus 
abdominis 78, 86 ff, 94 ff 
menti 308 
perinei 
deep 104 
superficial 104 
thoracis 70 
trapezius 132, 142 ff, 314 
triceps 
brachii 148, 152 
surae 244, 250 
zygomaticus 
major 308 
minor 308 
Muscles 
abdominal 
deep 92 
superficial 84 ff 
of the upper arm 132, 150 ff 
dorsal 152 
ventral 150 
of the back, intrinsic 72 ff 
of the elbow joint 166 
movements 166 
extension 166 
flexion 166 
pronation 166 
supination 166 
of the foot, intrinsic 256 ff 
dorsum 256 
movements 210 ff 
sole 258 ff 
big digit 258 ff 
center 262 
little digit 260 
of the forearm 154 ff 
function 154 
dorsal (extensor) group 154 
radial group 154 
ventral (flexor) group 154 
“movements 166 
extension 166 
flexion 166 
pronation 166 
supination 166 
of the hand, intrinsic 168 ff 
function 168 


abduction, radial 168 
adduction, ulnar 168 
dorsiflexion 168 
flexion palmar 168 
hypothenar 174 
metacarpal 170 
movements 128 ff, 168 ff 
thenar 172 
of the head 304 ff 
attachment to the shoulder girdle 314 
muscles of mastication 310 
mimetic muscles 304 ff 
mouth region 308 
nasal region 306 
region of the palpebral fissure 306 
scalp region 304 
of the hip 220 ff 
classification 220 
dorsal 222 ff 
ventral 226 
function 232 ff 
abduction 232 ff 
adduction 232 ff 
extension 232 ff 
flexion 232 ff 
rotation 
lateral 232 
medial 232 
intercostal 70, 82 
intercostales 
external 82 
internal 82 
intimi 82 
subcostales 82 
transversus thoracis 82 
of the knee joint 240 
function 
extension 240 
flexion 240 
rotation 
lateral 240 
medial 240 
of the leg and foot, long 244 ff 
Classification 
anterior 246 ff 
extensor group 246 
peroneal group 248 
posterior 250 ff 
deep layer 252 
superficial layer 250 
of the neck, anterior 312 
infrahyoid 312 
prevertebral 80 
of the shoulder girdle 132 ff 
classification 
ontogenetical 132 ff 
function 144 ff 
abduction 144 
adduction 144 


anteversion 146 
circumduction 144 
elevation 144 
retroversion 146 
rotation 
lateral 146 
medial 146 
of the talocrural, subtalar and talocal- 
caneonavicular joints 254 
of the thigh 220, 228 ff, 236 ff 
adductors 228 ff 
anterior 236 
posterior 238 
Myology 30 ff 
auxiliary features of muscles 32 
investigation of muscle function 32 
muscular tissue 18 
cardiac, striated 18 
smooth 18 
striated 18 
tone of muscles 30 
types of muscles 30 


N 
Nasal cavity 294 
conchae nasales 294 
nasal septum 294 
Nerve 
alveolar, inferior 328 
auricular, great 344 
auriculotemporal 322, 326 ff, 338 
axillary (circumflex) 132 
buccal 328 
cervical, transverse 344 
circumflex (axillary) 132 
cluneal 
inferior 384 
middle 384 
superior 384 
cutaneous 
antebrachial, medial 132 
dorsal 
intermediate 404 
lateral 404 
medial 404 
femoral 
lateral 388 
posterior 384, 392 
sural, medial 394 
facial 322, 338 
femoral 98 
glossopharyngeal 336 
_ gluteal, inferior 386 
hypoglossal 336 
ilioinguinal 380, 388 
infraorbital 324 
infratrochlear 324 
lacrimal 324 
laryngeal 
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recurrent 342 
variable position 342 
superior 348 
lingual 328, 336 
mandibular 322 
masseteric 328 ” 
maxillary 322 
median 132, 364, 368 
variants 364, 368 
musculocutaneous 132 
mylohyoid 328 
nasociliary 330 
occipital, lesser 344 
ophthalmic 322 
optic 330 
peroneal 
common 392, 396 
deep 398, 404 
superficial 398 
phrenic 346 
plantar 
lateral 408 
medial 408 
pudendal 386 
radial 132, 358, 368 
saphenous 390, 400, 404 
variants 390 
sciatic 384, 392 
of the carotid sinus 348 
suboccipital 76, 332 
supraorbital 324 
supratrochlear 324 
sural 400, 404 
tibial 396, 402 
trigeminal 322 
ulnar 132, 368 
vagus nerve 348 ff 
Nerve point 344 
Neurocranium 268, 274, 296 
facial index 296 
length-breadth index 296 
length-height index 296 


o 
Orbit 292, 324, 330 
Orbital openings 292 
Opposition 
of the thumb 172 
Ossification 
endochondral 16 
intermembranous 16 
perichondral 16 
Oxycephalus 296 


pP 
Palm of the hand 372ff 
Palmar 
aponeurosis 174 
flexion 130, 168 
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Patella 184 
partita 184 
Pelvic 
aperture : 
inferior (outlet) 180 
superior (inlet) 180 
diameters 182 
floor 104 
inclination 182 
Pelvis 178, 180 ff 
female 182 
male 182 
sex differences 182 
Periosteum 14 ff 
Peripheral pathways 
of the head and neck 320 ff 
of the lower limb 378 ff 
of the upper limb 354 ff 
Pes 
anserinus 
profundus:238 
superficialis 238 
calcaneus 218 
cavus 218 
equinovarus 218 
equinus 218 
planovalgus 218 
planus (,,flatfoot’) 218 
rectus (healthy foot) 218 
valgus 218 
varus (‘‘clubfoot’’) 218 
Phalanges 
of the foot 208 
of the hand 124 
“Pivot joint” (trochoid joint) 28 
Plagiocephalus 298 
Plate, cribriform 286 
Platysma 308, 340 
Plexus 
brachial 356 ff 
parotid, of the facial nerve 326, 338 
venous, thyroid 340, 342 
Process, supracondylar 110 
Prognathia, alveolar 290 
Promontory 48, 62 
Pronation 
in the joints of the foot 212, 254 
of the forearm 118, 166 
Pulposus herniation 54, 58 


R 
Radial foveola (‘‘anatomical snuffbox”’) 376 
Radius 114, 118 

“fracture at a classical site’ 118 

and ulna, continuous fibrous joint 118 
Recess(us) 

costodiaphragmatic 102 

sacciformis, superior 116 

subpopliteal 252 


Rectus 
diastasis 88, 94 
sheath 88 
Region 
antebrachial, anterior 370 
axillary 358 
brachial, anterior 362 ff 
femoral 
anterior 388 ff 
posterior 392 ff 
gluteal 384 ff 
site for intramuscular injections 386 
of the leg 
anterior 398 
posterior 400 
of the neck 
lateral 344 ff 
middle 340 
ventrolateral 344 ff 
nuchal 332 
orbital 324 
parotidomasseteric 326 
retromalleolar, medial 402 
sternocleidomastoid 350 
subinguinal 380 
thyroid 342 
Reposition 
of the thumb 172 
Retinaculum 
extensor retinaculum 176, 376 
flexor retinaculum 
of the leg 264, 402 
of the wrist 176, 374 
patellar 
lateral 196 
medial 196 
Retroversion 
at the hip joint 190, 232 
within the shoulder girdle and joint 112, 
144 ff 
Ribs 
cervical 36 
triad of disorders 36 
false 64 
fenestrated 64 
floating 64 
forked 64 
joints of the ribs 68 
lumbar 42 
os costale 64 
true 64 
Roser-Nélaton line 186 
Rotation 
at the hip joint 
lateral 232 
medial 232 
at the knee joint 
lateral 200, 240 
medial 200, 240 


terminal, obligatory 200, 240 
within the shoulder girdle and joint 

lateral 212, 144 ff 

medial 212, 144 ff 


Ss 
Sac, lacrimal 324 
Sacrum 46 ff 
sex differences 48 
“Saddle joint’ (sellar joint) 28 
“Scalene gap” 346 
Scaphocephalus 296 
Scapula 
ligaments 106 
scaphoid 106 
winged 140, 146 
Scapular plane 106 
“Schmorl’s node“ 54 
Serratus, paralyzation 144 
Septum 
cartilaginous 294 
crural 
anterior 264 
posterior 264 
femoral 98 
intermuscular 
lateral 150 
medial 150 
nasal 294 
Sex chromatin 6 
Sheath 
carotid 316 
tendon sheath 
fibrous 
of the foot 266 
of the hand 176 
synovial 
of the foot 176 
of the hand 266 
tubular 112 
Sinus, carotid 348 
Skull 268 ff 
accessory bones 300 
skull base 282 ff 
fossa, cranial 
anterior 282 
middle 282 
posterior 282 
variants 284 
calvaria 272 
“crossed skull’’ 298 
mandibula 288 ff 
nasal cavity 294 
neurocranium 268 
orbital cavity 292 
ossification 268 
shapes 296 ff 
splanchocranium (viscerocranium) 
268, 274, 278 
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sutures 298 
vessels and nerves, sites for transmission 
286 
viscerocranium (splanchocranium) 268, 
274, 278 

Spaces = 
axillary 148, 360 
parapharyngeal 334 
retropharnygeal 334 

Spina bifida 50 

Splanchocranium (viscerocranium) 268, 274, 
278 

Sternum 66 
sex differences 66 

Supination 
in the joints of the foot 212, 254 
of the forearm 118, 166 

Sutura 
laevis 22, 298 
serrata 22, 298 
squamosa 22, 298 

Symphysis 22, 180 

Synchondrosis (cartilaginous joint) 22 
intersphenoidal 270 
manubriosternal 68 
sphenoethmoidal 270 
spheno-occipital 270 

Syndesmosis (fibrous joint) 22 
tibiofibular 202 

Synostosis 22 

Synovial 
fluid 24 ff 
folds 126 
joints 24 ff 
membrane 24 
pockets 26 
sheath 176, 266 


T 
Talus 204 
Tarsus 204 
ligaments 214 
Thenar (thumb) 172 
Thoracic duct 352 
Thorax 70 
maximal expiration 70 
maximal inspiration 70 
Thumb (thenar) 
muscles 172 
function 172 
abduction 172 
adduction 172 
opposition 172 
reposition 172 
Tibia 192 
Tissue 
connective 10 
embryonic 10 
interstitial 10 
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reticular 10 
rigid 10 
epithelial 8 
ciliated epithelium 6 ff 
fatty 10 
muscular 18 
cardiac, striated 18 
smooth 18 
striated 18 
Tracheotomy, inferior 342 
Tract, iliotibial 224, 242, 388, 392 
Trigone 
lumbocostal 100 
sternocostal 100 
vertebrocostal 100 
Triangle 
carotid 348 
variants 348 
deltopectoral 356 
femoral 390 
of the lingual artery 336 
omoclavicular 346 
scalenovertebral 80, 352 
submandibular 336 
suboceipital 76, 332 
Trunk 
brachiocephalic 340 
costocervical 352 
sympathetic 334, 342, 348 
thyrocervical 342, 350 


U 
Ulna 114 
Umbilicus 94 


Vv 
Vagina of the rectus abdominis 86 ff 
Vene 
antebrachial, middle 366 
axillary 132, 356 
basilic 132, 364 
brachial 132 
cephalic 132, 356 
cubital, middle 366- 
epigastric, superficial 382 
facial 322, 326, 346 
femoral 390 
gluteal, inferior 386 
iliac, circumflex, superficial 382 
jugular 
anterior 340 
external 344 
» internal 342 
ophthalmic, superior 330 


popliteal 392, 396 
pudendal 
external 382 
internal 386 
retromandibular 338 
saphenous 
accessory, lateral 382 
great 380 ff, 394, 398 ff 
small 394 
variations 394 
temporal, superficial 322, 326, 338 
thyroid 
inferior 342 
middle 342 
superior 342 
Vertebral column 36 ff 
atlas 38 
axis 38 
coccyx 36, 48 
intervertebral disks 54 
joints 58 ff 
head joint 
lower 60 
upper 60 
kyphoses 62 
lordoses 62 
malformations 44 
movements 62 
ossification 52 
sacrum 36 
variants in the sacral region 50 
scoliosis 62 
variants 44 
vertebrae 
cervical 36 ff 
coccygeal 36, 48 
fused 44 
lumbar 42 
sacralization 42, 50 
prominens 36 
sacral 36, 46 ff 
lumbalization 50 
thoracic 40 
transitional, lumbosacral 50 
Vinculum tendinum 176 
Viscerocranium (splanchocranium) 268, 274, 
278 
Vomer 280 


Ww 
“Wrist joint” (radiocarpal joint) 126 


Z 
Zona orbicularis 188 
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